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PREFACE. 



Trb design of the present volume is to iiiniish for the 
use of schools and young persons, an elementary text-book 
on the first principles of science. For this purpose, the 
system of question and answer, which for certain classes 
of pupils and for ^miliar instruction has proved emi- 
nently popular, has been followed. The advantages of this 
system are : — first, that it affords a most simple and easy 
method of communicating useful and practical informa- 
tion : — ^second, the question excites a feeling of curiosity in 
the mind of the young student, which serves to fix the sub- 
ject-matter more strongly in the memory : — and thirdly, 
the form of question and answer imparts truth to the mind, 
in a logical sequence of cause and effect, and by showing 
how consequents in sciences are deduced from antecedents, 
unconsciously trains and familiarizes the pupil to think and 
reason according to the true spirit of inductive philosophy. 

It is believed that the questions in the present volume 
are simple, practical, and expressed in the plainest language 
that the subject allows. Engravings have also been used 
to illustrate more clearly the most important topics treated 
of. 

As this work has been designed exclusively as an elemen- 
tary book, the more abstruse and difficult departments of 
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physical science have been passed over, or briefly noticed ; 
such as the theory and application of the mechanical powers, 
the polarization of light, crystallography, &c. Those who 
are desirous of possessing a more complete and elaborate 
work, arranged in the form of question and answer, — em- 
bracing the whole subjects of Natural Philosophy, Organic 
and Inorganic Chemistry, the applications of science to the 
.Industrial Arts, Geology, Jkc, are referred to a work by the 
'author of the present volume, entitled " Wells's Familiar 
Science" and to " Wells's Natural Philosophy," in both of 
which special reference is made to the application of the 
principles of physical science to the useful arts and necessi- 
ties of every-day life. 

In the preparation of the " Science of Common Things" 
especial care has been taken to render the facts and prin- 
ciples given, full, complete, and accurate, and in strict con- 
formity with the very latest results and researches of modern 
science. 

Kew Yobs, May, 18S1 
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CHAPTER I. 

WHAT WB KNOW OF MATTER, AND HOW WB KNOW IT. 

1 WJuttiamaUerf 

We apply the term matter to any substance which 
affects our senses. 

S3 How do we know thai anything exists f 

Because our senses give us evidence of the fact 

8 What are the senses f 

Tliey are the instruments, or means, by which the 
mind is enabled to know that matter exists and pos- 
sesses certain properties. 

4 How many senses are (here f 

Five / hearing, seeing, smelling, tasting, and feeling. 

6 Wotdd a person deprived of all sensation, he conscious of any mate- 
rial existence t 

He would not; for all knowledge of the material 
world is derived through the medium of the senses. 

O Is the impression transmitted to the mind by each organ of sensation, 
different t 

It is; each organ of sense is adapted to receive a 
])articular influence of matter ; and is designed to con- 
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vey to the mind immediate notice of some peculiar 
action. This is the more noticeable, when we consider 
that, however delicate its structure, each oi*gan of 
sense is wholly insensible to every influence except that 
to which it is especially adapted ; "thus, the eye is never 
affected by sounds nor tlie ear by light, 

7 Wh4xt is mearU by the term body t 

Any distinct portion of matter existing in, and oc- 
cupying space, 

8 What do we meanj when we apeak of OiA properiies or qualities of a 
'body^ 

The powers belonging to the body, which ai*e capa- 
ble of exciting in our mmd certain sensations. 

© What are ffie general properties oftnattyrf 

Tlie principal qualities of matter are magnitude or 

EXTENSION, impenetrability, DIVISIBILITY, POROSFTY, IN- 
ERTIA, DENSriY, ELASTICnr, DUCTILITY, and MALLEABILITY. 

10 WhxU is magnitude t 

The property of occupying space. It is impossible 
to conceive of a portion of matter so minute as to have 
no magnitude. 

11 WJiai do we mean by (he term size of a body f 

The quantity of space a body occupiea. 

IS What is the surface of a body t 

The external limits of its magnitude- 

13 W?iai is tfie area of a body f 

The quantity of surface. 

1A What is impenelrabiUty t 

That quality of matter which precludes the possibilitjf 
of two bodies occupying tlie same space ai the same 
time. When bodies are said to be impenetrable, it is 
therefore meant, that one cannot pass tnrough another 
without displacing some, or all, of the component parts 
of that other. 

There are many instances of apparent penetration ; but in all those, the 
parts of the body which seera to be penetrated are only displaced. Thus, 
If a needle be plunged into a vessel of water, all the water which pre- 
viously filled the space into which the needle enters, will be displaced; 
Aud the level of the water will rise in the vessel to the same height as it 
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would by pouring in so mvch more water as would fill the space occupied 
hy the needle. 

IS Why wiU wateTj or any other Hquid^ poured itUo a Junnei, chsdf 
inserted in the mouih qfa boUie^ or deoanUsr^ run over the sides t 

Because the air filling the bottle^ and having no 
means of escape, prevents the fluid from entering tlie 
bottle ; but if tlie funnel be lifted from the neck ot the 
bottle a little, so as to afford the air an opportunity to 
escape, the water will then flow into the Dottle in an 
uninterrupted stream. 

le WJiai is the figure qfa body t 

Its form or shape^ as expressed by its boundaries or 
terminating extremities. 

17 WhatismearUby the divisibiliiy of matter f 

Its property, or capability of being divided. 

1.8 Is maUer capable of being divided into separaie portions infinitely or 
mihouiUmitt 

So far as we are able to perceive with our senses, all 
matter is capable of bein^ divided into separate por- 
tions without limit; yet the recent investigations of 
cheraistiT have proved beyond a doubt, that there is 
a point beyond which matter is no longer divisible. 
Such a portion of matter as cannot be divided we call 
an atom. 

3-Q Wh4xi then is an atom qfmaUerf 

A pa/rtiele so minute, as to admit of no division. 
Atoms are conceived to be the first principles or com- 
ponent parts of all bodies. 

The extent to which matter can be divided and yet be perceived by 
the senses, is wonderful 

An ounce of gold may be divided into four hundred and thirty-two 
thousand million parts. Each of the^e parts will retain all the characters 
and qualities which are found in the largest masses of metal. It retains 
its solidity, texture, and color ; it resists the same agents, and enters into 
combination with the same substances. 

20 What is a particle of matter t 

The term particle is also used to express small com- 
ponent parts of matter, but is generally applied to those 
which are not too minute to be discovered by obsei> 

vation. 

1* 
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SI What care tJie pores of a body t 

No two particles of matter are supposed to be in 
actual contact with each other ; and the openings, or 
interstitial spaces between these particles, are called 
pores. " 

S3 What is (he reason (hat a sponge^ a piece of wood or metals can^ by 
pressure^ be made to occupy a snwUer space than it did originaUy f 

Because the particles of which the sponge, the piece 
of wood or metal, are composed, are by pressure 
brought more closely together, diminishing at the same 
time the pores and the space the body occupies. 

53 W?uU then is compressibility t 

That quality of matter in virtue of which a body 
allows its volume or size to be diminished^ without 
diminishing the number of atoms or material particles 
of which it consists. 

54 What reason have we for supposing that no tivo particles of matter 
are in absolute contact f 

Because all known bodies, whatever may be their 
nature, are capable of having their diniensions reduced 
without diminishing the amount of matter contained in 
them ; hence the space by which the volume may be 
diminished must, before diminution, consist otjpores. 

^ SS Whxit is density t 

The proportion of the quantity of matter in a body to 
its magnitude. Thus, if of two substances one contains 
in a given space twice as much matter as the other, it 
is said to be twice as dense. 

56 What connexion is there between (he density of a body and its 
porosity? 

A body will be more or less dense according as its 

1)ai:ticles are near to or remote from each other ; and 
lence it is evident that the greater the density the less 
the porosity, and the greater the porosity the less the 
density. 

57 Why do we caM lead heavy ^ and feathers UghJt t 

Because the amount of matter contained in a quan- 
tity of lead occupying a given space is much greater 
than in a quantity of ^athei's capable of occupying the 
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Bame space. The original particles of matter which 
make up the composition of lead and feathers are also 
different, and in the lead are arranged in much nearer 
connexion with each other than in the feathers. 

Newton conjectured that if the earth were so compressed as to be 
absolutely without pores, its dimensions might not exceed a cubic inch. 

88 Hov) is wcUer or any other liquid made pure by JUtering through 
jmpeTj chihj a layer ofsand^ rock, &c. f 

The process of filtration depends on the presence of 
pores in the substance used as a filter, of such a mag- 
nitude as to allow a passage to the liquid, but to refuse 
it to those impurities from which it is to be disengaged. 

2© Why is not the svhstance suitable for Vie filtration of one Uquid 
equally adapted for {he filtration of all liquids? 

Because the magnitude of the pores in different sub- 
stances and of the impurities in liquids is different; 
and no substance can be separated from a liquid by 
filtration, except one whose particles are larger than 
those of the liquid. 

so Why do hvbUes rise to (he surface when a piece of sugar, wood, or 
chalk is plunged under water f 

Because the air previously existing in the pores be- 
comes displaced by the water, and rises to the surface 
as bubbles. 

31 W?iat occasions the snapping of wood or coal when laid upon the fire t 

Because the air or liquid contained in the pores be- 
comesi expanded by heat, and bursts the covering in 
which it is confined. 

SS What are the sparks of fire which hurst from the woodf 

Very small pieces of wood made red hot, and sepa- 
rated from the loff by the force of the air when it 
bm*sts from its conSnement. 

83 Why does Ught, porous wood make more snapping than any other 
iindf 

Because the pores are very large, and contain more 
air than wood of a closer grain. 

34 Why does green wood make less snapping tlvan dry t 

Because the pores, being filled with sa^, contain very 
little air. 
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86 Why does dry wood make more snapping than green t 

Because the sap is dried v(p^ and the pores are filled 
with air instead. 

8S. Why does dry wood hum more easily than green or wet wood f 

Because the pores of dry wood are filled with airy 
which supports combustion ; but the pores of green or 
wet wood are filled with moisture^ which extinguishes 
flame. 

87 When is ahody said to he elastic f 

When, after being bent or compressed, it endeavors 
to resume its original form and shape. 

All bodies possess the property of elasticity, but in very difiereDt de- 
grees: steel and India rubber are highly elastic; lead and da^ are very 
tdightly so. 

88 Irdo how many dosses fnay aU natural bodies he divided f 

All the bodies we meet with on the earth may be 
divided into three ffreat classes ; viz. solidsy liquids^ 
and gaseous or a£riforrn bodies. 

8© Whatisasolidt 

A solid is a body whose particles of matter are so 
close or dense that they resist the impression or pene- 
tration of other bodies. Hence the parts of solid bodies 
are not movable or easily displaced like those of liquids. 

40 Whatis a liquid f 

A li(juid is a substance which, like water, manifests 
immediately to the touch but a very feeble resistance ; 
but quite sufficient, however, to inaicate its presence, 
even when in a state of repose. A liquid cannot be 
grasped between the fingers like a solid body ; neither 
can it be collected permanently in a heap, or made to 
assume any particular figure except that of the vessel 
in which it is inclosed. 

4:1 What is a gaseous or axfriform hody f 

A gaseous or aeriform body is an elastic, and gene- 
rally an invisible, fluid, which, like the air surrounding 
us, affords no evidence of its presence to the sense of 
touch, when in repose. Gaseous or aeriform bodies 
may be confined in vessels, from whence tliey exclude 
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liquids or other bodies, tlius demonstrating their eodstr 
ence^ though invisible, and also their invpenetrahiUty. 

45 In whai partkuUir respect does a gas differ from a liquid f 

A liquid, like water, oil, spirit, &c., can be made to 
flow regularly down an inclined plane, but a gas cannot. 

43 Why is it difficult to walk against a high wind t 

Because the particles of the air, although invisible, 
press against us violently in a direction opposite to that 
in which we are proceeding. 

44 WJien is a substance said to he plastic t 

"When it possesses intermediate properties between a 
solid and a fluid. Pitch is an example of a plastic 
body : it presents the appearance of a solid, but will 
be found to be continually changing its form by the 
movement of its particles, when left free to move. 

46 When a sponge is placed in watery thai liquid appears to peneiraie 
it Does the water reaUy enter the solid particles of the sponge f 

It does not ; it only enters the pores or vacant spaces 
between the particles. 

46 When we plunge the hand into a mass of sandj do we penetrate the 
sandf 

We do not ; we only displace the particles. 

47 Whai is inertia? 

Matter is incapable of spontaneous change ; and the 
term inertia (or irmetivity) signifies the total absence 
of power in matter to change its state. A body en- 
dued with inertia cannot of itself, and independent of 
all external influences, commence to move from a state 
of rest ; neither can it, when moving, arrest its own 
progress and become quiescent. 

48 When a carriage is in motion^ drawn hy horses^ why is the same 
exertion of power in the horses required to stop ii^ as would be necessary to 
back it^ if it were ai rest t 

Because the force required to destroy motion in one 
direction is eqital to that required to produce as mttck 
motion in the opposite direction, 

40 If a body is incapable by itself of changing its statCy why wiU not a 
baJU fired from a cannon continue to move on for ever f 

Chiefly on account of the resistance of the air or 

1* 
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medium through which it passes, and the attraction of 
the earth. 

CO Jf a carriage^ raitroad^arj or hoai, moving wiih speedy he sudderd'Q 
Btopped or retarded from any causej why are the passengers^ or the baggage 
carried, precipiUUed from their places in (he direction of the motion f 

Because, by reason of their inertia^ they 2}er8evere in 
the motion which they shared in common with the 
body that transported them, and are not deprived of 
that motion by the same cause. 

61 Why wiU a person, leaping from a carriage in rapid motion, faUd in 
(he direction in which the carriage is moving at the moment his feet ineet the 
ground? 

Because his hody^ on quitting the vehicle, retains by 
its inertia the motion wiiich it has in common with it. 
AVhen he reaches the ground, this motion is destroyed 
by the resistance of the ground to the feet, but is re- 
tained in the upper and heavier part of the body ; so 
tha^ the same effect is produced as jf the feet haa been 
tripped. 

63 Wher^ the sails of a ship are first spread to receive the force or tm- 
pulse of the wind, why does not the vessel acquire her fuXL speed at once f 

Because it requires a little time for the impelling 
force to overcome the inertia of the mass of the ship, 
or its disposition to remain at rest. 

63 Why, when the sails are taken in, does the vessel continue to move for 
a considerable time t 

Because the inertia of the mass is opposed to a 
change of state, and the vessel will continue to move 
until the resistance of the water overcomes the opposi- 
tion. 

64 Why is a man standing carelessly in the stem of a hoot liable tofaU 
into the water behind, when the hoai begins to move t 

Because h\sfeet are pulled forward while the inertia 
of his body keeps it in the same position, and, there- 
tore, behind its support. For a similar reason, when 
the boat stops, the man is liable to fall forward. 

66 Upon what does the hardness of a body depend t 

Not, as is often supposed, upon the density of a 
body, but upon the foree with which the atoms hold 
their places m some particular arrangement. Gold is 
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much more dense than the diamond, yet the metal ia 
soft, while the diamond is the hardest body in natm-e. 

SS When is a body said to he ductile t 

When it is capable of beiijig drawn into wire. In 
ductile substances the atoms seem to have no more 
fixed relation of position than in a liquid, but yet they 
cohere veiy strongly. 

y^ 67 When is a body said to be maUeabk t 

When it is capable of being hammered or rolled into 
thin plates. Bodies that are malleable are not always 
ductile. Lead and tin may be hammered out into 
very thin plates, but it is difficult, or impossible, to 
draw out these metals into fine wire. 
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ATTBACnON. 
68 WhatisaUradumf 

It is the force manifested by the mutual approach or 
cohesion of bodies. 

B9 Js dU maiier svJbject to the power of cUtraction f 

All matter is under the influence of attraction in 
some of its forms. Every particle of matter attracts 
every other particle, and is in turn itself attracted. 

GO What is reptdsion t 

It is the force manifest in the movement of bodies 
from each other. Thus, if a piece of glass, having 
been briskly rubbed with a silk handkerchief, touch 
successively two feathers, these feathers, if brought to- 
gether, will move asunder. 

61 What is cohesive attraction f 

It is the force which holds together the atoms of 
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bodies. Cohesion acts only between particles of mat- 
ter of the same kind, and at distances which are not 
measurable, or, as they are termed, insensible distances, 

62 What i8 adhesion t 

Adhesion is attraction between particles of matter 
of different kinds acting at immeasurably small dis- 
tances only, and uniting the dissimilar particles into 
one mass. 

63 Why is mortar used to fasten bricks together f 

Because the adhesive attraction between the particles 
of the brick and the particles of mortar is so strong, 
that they unite to form one solid mass. 

64 Why is a bar of iron stronger Utan a bar of wood of the same size t 

Because the cohesion existing between the particles 
of iron is greater than that existing between the par- 
ticles of wood. 

65 Why are the particles of a liquid mjore easily separated than those 
ofasoUdt 

Because the cohesive attraction which binds together 
the particles of a liquid is much less strong than that 
which binds together the particles of a solid. 

66 Why wiU a smaJU needle^ carefully laid upon the surface of waler, 
floatf 

Because its weight is not sufficient to overcome the 
cohesion of the particles of water constituting the sur- 
face ; consequently, it cannot pass through mem and 
sink. 

G'7 If you drop water and laudanum from fhe samje vessel, why wiU 
sixty drops of the water fUl the same m>easure as one hundred drops of 
laudanum t 

The cohesion between the particles of the two liquids 
is different, being greatest in the water. Consequently, 
the number of particles which will adhere together to 
constitute a drop of water is greater than in the drop 
of laudanum. 

68 Wliy is the prescription of medicine by drops an unsafe method t 

Because not only do drops of fluid from the same 
vessel, and often. of the same fluid from different ves- 
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eels, differ in size, but also drops of the same fluid, to 
the extent of a third, from different parts of the lip of 
the same vessel. 

69 Why is it difficuU to pour waier from a vessel which has not a pro- 
jeding lip t 

Because, in consequence of the attraction between 
the water and the sides of the vessel, the fluid has a 
tendency to run down along the inclined outside of tlie 
vessel, and not at once to fall perpendicularly. 

70 What 4s the attraction of gravitation t 

We apply the term "gravity," or the "attraction 
of gravitation," to that tendency which every particle 
of matter in the universe has to approach all other 
matter. Terrestrial gravitation, is tlie attraction of a 
body towards the centre of the earth. 

71 In what respect does ike aUraction of gravitation differ from aU other 
attractive forces t 

Because it is the common property of all bodies ; 
since everything to which we can attach the idea of 
materiality is anected more or less by gravitation. 

•7s Why does an apple loosened from (he treefaJSL to Oie ground t 

Because the earth at^acts or draws it to itself. 

73 Since all bodies are attracted towards the earthy how does it happen 
Ihai aU smoke and some other forms of matter display the contrary pheno- 
menon of ascending from itt 

Because the smoke is lufTder thorn, the air^ hvlk for 
hvlk^ and floats upon it. ft is unable to advance, how- 
ever, in the most minute degree, without displacing or 
thrusting downward portions of the atmosphere equal 
to its own bulk. 

74 Why does a cork pressed henecUh the waier rise and float on the 
sutfaeet 

Because the cork is lighter than an eqtcal hvlk (yf 
water^ and is pressed up and sustained by it in the 
same manner that the particles of smoke are sustained 
by the particles of air. 

76 Wfiy does a baUoon rise in the air f 

Because it is filled with a gas which is lighter, bulk 
for bulk, than the air. 
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' 76 Sow Jong vnU smoke conUnue tofloai above the surface of ihe earth t 

Until its particles^ v/nitmg^ hecome heavier them the 
air^ when tney descend in the form of small flakes of 
soot 

77 Why do bubbles in a cup of tea range round the sides of ihe cup t 

Because the cup attracts them. 

78 Why do all the Uttle bubbles tend towards the large ones f 

/ Because the large bubbles (being the superior masses) 
attract them. 

79 Why do ihe bubbles of a cup of tea foMow a ieorspoon t 

Because the tea-spoon a/ttracta them. 

80 Bo aU bodies attract each other equaUy t 

Tliey attract each other with forces proportioned to 
their masses. 

81 ^ feaiher falls to the ground by ihe influence of ihe earth's aitraction. 
Kow, as aU bodies aUract each other ^ does the feather aUract or draw up ihe 
earth in any degree towards itsdff 

It does^ with a force proportioned to its mass ; but 
as the mass of the earth is infinitely greater than tlie 
feather, the influence of the feather is infinitely small, 
and we are unable to perceive it 

88 What wovM be the consequence if the feather did not aUraci the 
earth t 

1{ any portion of the earth, however GmaWj failed to 
attract another portion, and not be itself attracted, the 
axis of the earth would he immediately changed, involv- 
ing an alteration of climate, and the place of the ocean 
in its bed. 

83 Why is it nwre dangerous to faUfrom a hfly devotion than from a 
low onet 

As the attraction of the earth varies inversely with 
the square of the distance, the force with which a fall- 
ing body will strike the ground will increase in propor- 
tion to the height from which it has fallen. 

84 In what direction does a body, when not supported, endeavor tofaUf 

In a line drawn from its centre of gravity towards 
the centre of the earth. 

86 Is the aUraction of the earth the same at aM distances from its sw' 
face or centre f 
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iVby the attraction of the earth for a body varies 
inversely with the square of ita diatancefrom the centre. 

SS Uoui can this be iUastrated t 

In the following manner ; — If one body attracts an- 
other with a certain force at the distance of on« jnile, it 
will attract with four times the force at haif a mile, 
nine times the force ai one-third of a mUe, and bo on in 
like proportion. On the contrary, it will attract with 
but on&fourih of the force at two miles, one-ninth of 
the force at three miies, one-siefeenth of the force at 
four tniles, and bo on aa the distance increases. 

87 W/uU do vie mean by Oie centre of grmnlji t 

That point in a body about which, if supported, the 
whole body will balance itself. 

8S 'When yoa bal/mce a rod, a alidi, or any other body, upon the finger, 
vAerv is the centre of gravity of the eiick or body t 

It is the point upon which the body will remain at 
rest, or upou whicli it is balanced. 

80 In what position oniy can a body rest I 

Only when its cen^e of gravity is supported: and 
until this is accomplished the body will move, and con- 
tinae to do bo, until it settles into a position in which 
the centre of gravity cannot sink lower. 
so Why doca a person ctaryiag a weight upon hie back stoop fimeardi 
In order to bring tlie centre of gravity of his body 
and the load over uis leet. 
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If he carried the load In the position of A, Fig. 1, he would fall back- 
wards, as the direction of the centre of gravity would fell beyond his 
heels ; to bring the centre of gravity over his feet, he assumes the posi- 
tion indicated by B, Fig. 2. 

61 When a person carries a load upon his head, why is it necessary 
to stand perfectly upright f 

In order that the centre of gravity may be over his 
feet 

©3 Why does a person in rising from a chair bend forward t 

When a person is sitting, the centre of gravity is 
supported by the seat ; in an erect position, tne centre 
of gravity is supported by the /eet / therefore, before 
rising it is necessary to change the centre of gravity, 
and by bending forward we transfer it from the chair 
to a point over the feet. 

93 Why does a quadruped, in walking, never raise both feet on (ha same 
side simultaneously t 

Because, if it did, the centre of gravity would be un- 
supported, and the animal would tend to fall over. 

G4: Why is a large turtle placed on its back unable to move t 

Because the centre of gravity of the turtle is, in this 
position^ at the lowest pointy and the animal is unable 
to change it ; therefore it is obliged to remain at rest. 

S5 Why is it more dificuU to overthrow a body halving a broad base 
than one resting upon a narrow basis f 

Because a body cannot fall over, so long as a line 
directed from the centre of gravity vertically towards 
the surface upon which the body rests, falls within the 
figure formed by the base of the body in question. 
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Hence, the broader the lose of a hody, the more securely 
it will stand. 

Thus, in Fig, S, the line directod vertically fniiii tlie centre of gravitf, 
0, lalla withm the baae of the bodj, and it remains sUinding; but in lig. 
4 a Bunilar line JaUs without the biise, acid the body coneequeiUly cannot 
be maiatuoed in an upright poaition, and must loU. 

66 Bme long utU a tviUl or lower stand teeurel]/ 1 
, So long as the perpendicular line di'awn through iti 
eeutre ot gravity falls within its base. 

The celebrated leaning tower 
of Pisa, 315 feel high, wiiioh 
inclines 13 feet than a per- 
fectly upright position, is an 
example oTtbla principle. For 
ioBUtnce, the line in I\g, 6, 
Ming ftom the top of the 
tower to the ground, and paB»- 
ing through Uie centre of gra- 
vity, &U8 within the haae, and 
the lower stands securely. 1^ 
however, an aitompt had been 
made to build tlie tower a lit- 
tle higher, so that the perpen- 
dicular line passing through 
the centre of gravity would 
have fallen beyond the base^ 
the eOiicture could no kmgst 
have Bupported itselC 

87 Wkatit OieatkmUageo/liinangmitOie loraie?iaiv>ttt)<Mt 

It increases the breadth <f the lose supporting the 
tody, and enables ua to stand more securely, 

SS Why do aery Jot people ttrou? back thar head and skmildera uiAen 
Btey umlkt 

In order that they may effectually keep the centre 
of gravity of the body over the base formed by the 
soles of the feet. 

O© Why eannai a mart, standing wUh his heda dose (o n perpmdicidar 
vaS, bend over sagkienOy to pick up any olu'ecl that ties before him on the 
grmead, without faliing t 

Because the wall prevents him from throwing part 
of hia body backward, to counterbaltmce the head and 
arms that must project forward. 
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100 WheU i8 the reason that persons waSdng arm-in-arm shake and 
Jostle each other^ unless they make the movements of their feet to correspond^ 
as soldiers do in mo,rching f 

When we walk at a moderate rate, the centre of 
gravity comes alternately over the right and over the 
left foot. The body advances, therefore, in a wamng 
line; and unless two persons walking togetlier keep 
step, the waving motion of the two fails to coincide. 

101 Where would the centre of gravity be in a wheel made erUirely of 
wood and of a uniform thickness f 

In the cent/re. 

102 Where would the centre qf gravity be if apart of ihe rim of the 
same wheei were made of iron f 

It would be changed to some point aside from tlie 
centre of the wheel. 

103 In whaJt does the art of balancing or walking upon a rope consist? 

In keeping the centre of gravity in a line over the 
base upon which the body rests. 

104 Whai is the base upon which the human body rests or is supported f 

The two feet and the space included between them. 

106 Why is it a very difficult thing for children to learn to walk t 

In consequence of the natural upright position of the 
human body, it is constantly necessary to employ some 
exertion to keep our balance, or to prevent ourselves 
from falling, when we place one foot before the other. 
Children, after they acquire strength to stand, are 
obliged to acquire this knowledge of preserving the 
balance by experience. When the art is once acquired, 
the necessary actions are performed involuntarily. 

10s Why do young quadrvptds learn to walk much sooner (han chil- 
dren f 

Because a body is tottering in proportion to its great 
altitude and narrow base, A child has a body thus 
constituted, and leai*ns to walk but slowly because of 
this difficulty, (perhaps in ten or twelve months,) while 
the young of quadrupeds, having a hroad supporting 
hase^ are able to stand and move about almost immedi- 
ately. 

107 Are all the limbs ofataU tree arranged in such a manner^ that the 
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line directed from the cenire ofgrcmty is caused iofoM within the base of Iht 
ireet 

JV^ature causes the various limbs to shoot out and 
grow from the sides with as much exactness, in respect 
to keeping the centre of gravity within the base, as 
though they had been all arranged artificially. Each 
limb grows, in respect to all the others, in such a man- 
ner as to preserve a due balance between the whole. 



CHAPTER III. 

WEIGHT. 
Whatisweighif 

Weight is the measure of the attraction of gravita- 
tion, or, in other words, it is the meaawre of force with 
which a bodjr is attracted by the earth. l!n an ordi- 
nary sense it is the quantity of matter contained in a 
body J as ascertaineaby the balance. 

XO0 Jb what is the weight of a body proportional t 

The weight of a hody is always proportional to the 
gv/omiity (f matter contained in it 

no Why win a haU of lead weigh more than a haU of cotton of the 
aamesizet 

Because the quantity of matter contained in the ball 
of lead is much greater than the quantity of matter 
contained in the ball of cotton. The attraction of gra- 
vitation being proportioned to the quantity of matter, 
it follows that the lead ball will be drawn towards the 
earth with a greater force {i. e. wiU weigh m^ore) than 
the ball of cotton. 

Ill A man of moderate weight upon (he surface of the earth would 
weigh two tons if transported to the surface of the sun : why would he weigh 
fnore upon the surface of the sun than upon the surface of ^ ecurih f 
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W hen a body weigliB the most Bystems of weights. 

Because the attractive force of the sun, on account 
of its greater magnitude, far exceeds the attractive 
force of the earth. 

no Why wiU a mass of iron weigh less (m&ieiopofa high mowUain 
(han ai the level of ike sea f 

Because the force of the earth's attraction is less at the 
top of the mountain than at the sea-level ; the attrac- 
tion (and, therefore, the weight of a body) being greatest 
at the surface of the earth, and decreasing upward, as 
the square of its distance from the centre of the earth 
increases. 

A ball of iroD, weighing a thousand pounds at the level of the sea^ 
.would be perceived to have lost two pounds of its weight if taken to the 
top of a mountain four miles high, a spring balance being used. 

113 Where wiU a body weigh (he most on the swrfojce of Ike earth f 

At the poles of the earth, for at these points the 
attractive power is greatest. 

It must be remembered that the earth is not a perfect sphere, but flat- 
tened at the poles ; consequently; the poles of the earth are nearer the 
centre of attraction (i. e. the centre of the earth) than any other point on 
its sur&ce. 

114: Where wiU a body weigh ike least on ihe earWs surface f 

At the equator^ for there the attractive power is less ; 
the surface at this point being the most distant li*om 
the centre of the earth. 

116 What would he ihe weight of a body carried to (he cerUre of (he 
earikt 

It would have no .weight ; for the attraction of gra- 
vitation acting equally in every direction, no enect 
would be prcSuced ; and the body would be fixed as 
if sustained by a number of magnetic points. 

116 Wkat two systems of weights a/re employed in (he United States 
and Great Britain t 

Troy weight a!hd avoirdupois weight. 

117 Whai is Troy weight usedfor^ and from whence does U derive its 
namef 

Tr6j weight is used for weighing gold and silver. 
It derives its name from the ancient designation of 
London, Troy Novami^ or from Troyes^ in France, 
where it was first adopted in Europe. It has existed 
in England firom the time of Edward the Confessor. 
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118 What is avoirdupois weight used for, arid from whence does it 
uerive its name t 

Avoirdupois weight is used for the weight of mer- 
chandise otlier tlian the precious metals. It derives its 
name from the French avoirs {averia\ goods or chat- 
tels, dLndijpoids^ weight. 

119 What is a grain weight f 

A grain weight is the smallest measure of weight 
made use of in the English system. By a law of Eng- 
land enacted in 1286, it was ordered that 32 grains 
of wheat, well dried, should weigh a pennyweight. 
Hence the name grain applied to this measure of 
weight. It was afterwards ordered that a pennyweight 
^should be divided into only 24 grains. 

ISO How do we make a grain weigM for practical purposes f 

By weighing a thin plate of metal of uniform thick- 
ness, and cutting out, by measurement, such a propor- 
tion of the whole as should give one grain. In this 
way, weights may be obtained for chemical purposes, 
which weigh only ,TrViitli P^^t of a grain. 

131 Whai part of an tnch is a line f 

One-twelfth of an inch is designated as a line. 

152 Are the standards of weiglUs and measures in the United States 
(he same as in Great Britain t 

Tliey are essentially the same. 

153 Where are (he standards of weights and measures to he found in 
the United States f 

At Washington^ and at the capitaU of the several 
States of the Union ; sets having been furnished to 
each State by the United States. 

154 Are the weights and measures used in France the sam£ as those of 
{he United States and England f 

No ; they are entirely different. Within a compa- 
ratively recent time the French have reconstructed 
their old system of weights and mcMsiiros, and formed 
another on an entirely new plan. The Fi-ench system 
is, at present, the best and most accurate system 
existing. 
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CHAPTER IV. 

I 

MOTION. 
1S5 Whaiis force? 

Force is whatever causes or opposes the production 
of motion in matter. 

126 What is motion t 

It is the term applied to the phenomena of the 
ohanging ofpldce among bodies. 

127 What would he (he state of things if no motion existed t 

The umverse would be dead. There would be no 
rising and setting of the sun, no flow of water or of air 
(wind), no sound, light, or animal existence. 

128 The surface of (he ear(h at the equator moves at the rate of about a 
thousand miles in an hour : why are m^n not sensible of this rapid move- 
ment of (he earth t 

Because aU objects about the observer are moving in 
commxm with him. It is the natural uniformity of the 
undisturbed motion which causes the earth and all the 
bodies moving together with it upon its surface to ap- 
pear at rest. 

120 How can you easily see that the earth is in motion t 

By looking at some object that is entirely uncon- 
nected with it, as the sun or the stars. We are here, 
however, liable to the mistake that the sun or stars are 
in motion, and not we ourselves with tlie earth. 

130 Does the sun reaUy rise and set eaoh day f 

The sun maintains very nearly a constant position ; 
but the earth revolves, and is constantly changing its 
position. HeaUyy tlierefore^ the sun neither rues nor 
sets. 

131 What do we mean by the term friction t 

In m^echanics^ it signifies the resistance which a 
moving body meets with from the surface on which it 
moves. 
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ISS Is it possible to construct any machtntj (A arrangement of maitir^ 
which will perpttuoJly continue in motion t 

It is not ; because the operations of gravity^ the re- 
sistance of the medium through which the hoay moves^ 
or the friction of the surfaces upon which the lodv 
rests J will, in a given time, destroy and terminate all 
motion. In addition to this, all materials which we 
employ in construction will, in the course of time, wear 
out by use, or decay by natural agencies. 

183 Do we know of any instances of perpetual motion in nahire f 

Yes / the various planetary hodies belonging to the 
solar system have been moving with undimiriished 
velocity for ages past ; and, unless prevented by the 
agency which governs all nature, will continue to 
move in the same manner for ages to come. 

134 Why are horses obliged to make a much greater exertion to start a 
carriage than afterwards to keep it in motion t 

Becanse when a carriage is once put in motion upon 
a level road, with a determinate speed, the only force 
necessary to sustain the motion is that which is suffi- 
cient to overcome the friction of the road ; but, at 
starting, a greater expenditure of force is necessary, 
inasmuch as not only the friction is to be overcome, 
but the force with which the vehicle is intended to 
move must be communicated to it. 

135 What is centrifugal force f 

It is that fo7'ce which causes a revolving body to fiy 
from, a centre, 

130 Why does a stone^ discharged from a sling^ move forwards^ when 
the cord which retained it is loosened t 

Because of the centrifugal force it has acquired by 
the whirling of the sling previous to the discharge. ■ 

13*7 Why do grindstones or wheels^ in rapid motion^ not unfrequenUy 
break and fly to pieces willi great violence t 

Because the centrifugal force^ generated by the rapid 
revolving motion, overcomes the cohesion of the parti- 
cles, and thus causes them to sejparate and fly from the 
eentre. 
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lUiutntlonl or ceQtrirQgul force. BsTolntlon oT Uie eirth. 

133 Can aimoai aS revolving bodies be broken by sufficient rotaiiit 
VeiocUy t 

Yes; for tlie. centrifugal force increases witli the 
rapidity of revolution, and finally becomes too Strang 
to be resisted by tlie cohesive force wliicli biuds tlie 
particles of the body together. 

13Q When a vessel containing water is v?hirled 
rapidly roaiid, uihr/ d'tes not the waier/aU oiU when the 
v^sel is upside down t 

Because the centHfugalfwee, tending 
to make the Wiitcr ny from the centre, 
overcomes or balances the aUraction of 
gravitation, which tends to cause the 
water to fall out 

In. f\g, 6, tlie water contftincd in the bucket which 
is upade down, lias no support under it, and if the 
bucliet were kept still in iU inverted position for a 
single moment tlie water would &11 out by its own 
weight, or, in otiier words, by tiie attraction of gravi- 
tatiou; but the centrifugal fon^e, which is caused by 
the whirling of the bucket in tEie direction of tlie 
arrow, tends to drive the water out through the bot 
torn and side of the vessel, and aa this last force is 
equal to and balances Clie otlier, the water retains its 
phce, and nut a drop is spilled. 

140 How mwli faster loovld the forlh be required 
to revoke in order to make Ute centeifaqai faro- eqitoi to 
Oie attraclion of gravitation f 

Seventeen times faster, or in eighty- 
four minutes, instead of twenty-four 
hours: in this. case all bodies at the 
equator of the earth would be destitute 
of weight. 



Gravitation would be completely over- 
powered, and all JlMids and loose sub- 
"• *- stances would fly from tlie suiface. 

143 Why does a man in- horae, in tiiming a corTier rapidly, indine 
baearda, or lean towards the corner f 

Because the centrifugal force, produced by turning 
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rapidly, tends fo throw him away fvom the com&r i 
therefore, lie inclines inwards to counteract it. 
X43 Why does a horse in a circus ring lean Unoards the centre 1 
"WheD the horse moves rapidly around the circular 
course, the centrifugal force generated, tends to throw 
him over, outwardly, or awny from the centre of th» 
rin{< ; and this tendency the nnimal counturoctB, by 
inclining his body in an opposite direction. 



Fig. J. 

In all equestrian Icnts exiiibited in tho drcun, it will be observed that 
not only the liorae but the rider inclines his body towards tho contw^ 
Fig. 1, and according Hi Ota speed of tlie horse rour.d tlie ring ia increased, 
this incliDation beconies moro cooaidfrablc. AVlion liie horse walks 
slowly round a largo ring this inclination of his body ia imperceptible ; if 
bo trot lliere is a visible inclination inwards, and if ho gallop he inclines 
still more, and when ur^red to liill apeed ho leans very liir over on his 
Mde, and bis feet will bo lieard (o strike against tlie partition wliicli defines 
tlie ring. The eJtplanation of all tiiia is, that the cenlrinigal force caused 
by the rapid motion around the ring tends lo throw (lie horse out oi; and 
Bwny from, tlie ciroulfti courae, and this be couuteracta liy laming 
inwards. 

144 WIty do tiialcr-dngs give a semi'rolary movement to Star skin la 
free thenadoes from waiert 

Becanse in this way a cpntrifiiqnl force is generated, 
vhich causes the droits of water aulierent to them to 
fly off. 
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146 Why does a person who is about to leap over a ditch or chajnn first 
make a run of a little distance t 

In order that the impetics he acquires in running 
may help him in the jump. 

14G Why is a standing leap always shorter than a running one t 

Because in the running leap, in addtiion to the force 
acquired hy the contraction of the mu^scles^ we have 
added the force of the motion acquired by ninning. 

147 Why do we kick against the door-post to shake the snow or dust 
from our shoes t 

The forward motion of the foot is arrested by the 
impact against the post ; but this is not the case with 
respect to the particles of dust or snow, which are not 
attached to the foot ; but the motion imparted to them 
equally with the foot is continued, and causes them to 
fly off. 

148 Why do we heat a coat or carpet to expel (he dust f 

Tlie cause which arrests the motion imparted to the 
coat or carpet. by the blow does not arrest the particles 
of dust, and their motion being continued, tliey fly off. 

149 Why can birds fly t 

Because they have the largest bones of all animals 
in proportion to their weight. Air-vessels also enable 
them to blow out the hollow parts of their bodies, 
when they wish to make their descent slower, rise 
more swiftly, or float in the air. Tlie muscles that 
move the wings of birds downwards, in many instan- 
ces, are a sixth part of the weight of the whole body ; 
whereas those of a man are not, in proportion, one- 
hundredth part so large. 

It is an erroneous idea, still taught in many educational works, that 
the bones of birds are hollow and filled with air. This is not the case. 
Recent investigations have shown that the bones of birds, as a general 
thing, are not more hollow than those of other animals, and do not con- 
tain air. 

150 Why does flying differ from leaping t 

Because flying is the continued suspension and pro- 
gress of the whole body in the air, by the action of the 
wings. In leaping, the body is equally suspended in 
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the air; but the suspension is only momentary. In 
fljing, on tlie contrary, the body remains in the air 
and acquires a progressive motion by repeated strokes 
of the wings on the surrounding fluid. 

ISl Why do birds stretch out their necks when flying t 

In order that they may act as a wedge, dividing the 
air and diminishing the resistance. 

XSS Why are the strongest feaihers of birds in ihe pinions and tail t i 

Because when the wing is expanded, the pinion- 
feathers may form, as it were, broad fans^ by which 
the bird is enabled to raise itself in the air and fly; 
while its tail-feathers direct its course. 

163 Why can a person safely skaie with great rapidity over ice which 
would not support his weight if he moved over it more slowly t 

From the fact that time is required for producing 
the fradnire of ihe ice : as soon as the weight of the 
skater begins to act on any point, the ice, supported bv 
the water, bends slowly under him ; but if tlie skater a 
velocity is great, he has passed off from the spot which 
was loaded before the bending has reached the point 
wliich would cause the ice to break. 

164 B. sometimes happens when persons are knocked down by carriages 
thai ihe wheels pass over them with scarcely any injury, though if the weight 
of ihe carriage had rested on the body^ even for a few seconds^ it would hiive 
crushed them to deaih. What eaplanation can be given of tiiisfact t 

Tlie wheel moves with such rapidity, that the weight 
has not time sufficient to eosert its full effect. 

166 When two equal bodies meet, moving with equal velocities in oppo* 
tUe directions^ what will be the effect t 

They will both come to rest — ^for their motion being 
equal and contrary, will be mutually destroyed. 

166 Wh^n two persons strike their heads together, onA being in motion 
and the other ai rest, why are both equaUy hurt t 

Because, when bodies strike each other, auction and 
reaction are equal / the head that is at rest returns the 
blow with equal force to the head that strikes. 

16*7 When an elastic baU is thrown against the side of a house with a 
ctrtain forcCf why does it rebound t 
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Because the side of the house resists the ball with 
the sameforce^ and the ball, being elastic, rebounds. 

1.68 When the same hall if thrown against a pane of glass xoith the 
same force^ it goes Viroughj breaking Vie glass : why does U not rebound as 
before f 

Because the glass has not sufficient power to resist 
the full force of the ball : it destroys a part of the force 
of the ball, but the remainder continuing to act, the 
ball goes through, shattering the glass. 

15G Why did not Ute man succeed who undertook to maJre a fair wind 
for his plewmre boat, by erecting an immense bellows in the stern, and blow- 
ing against the sails f 

Because the action of the stream of wind and the 
reaction of the sails were exactly equal, and, conse- 
quently, the boat remained at rest 

ISO If he had blown in a contrary direction from tJie sails, instead of 
against (tiem, wovM Hie boat have vwved t 

It would, with the same force that the air issued from 
the bellows-pipe. 

1.61 Why cannot a man raise himself over a fence by jpuUing upon the 
straps of his boots f 

Because the action of the force exerted to raise him- 
self, is exactly counteracted by the reaction of the force 
which tends to keep him down. 

1.0i3 Does a man, in rowing, drive Uie water astern with the same force 
thai he impels the boai forwards t 

He does : action and reaction ]>eing exactly equal. 

1.G3 Why is it more dangerous to leap from a high window than from 
a low /able f 

Because the velocity of a fallina hody^ and, conse* 
quently, the force with which it will strike the ground, 
increases with the distance through which it falls. 

1S4 How far toill a body fall, through the influence of gravity, in one 
second of time t 

Sixteen feet. 

16S How far wiU itfaU in two seconds t 

Four times 16 feet, or 64 feet ; in three seconds it 
will fall 144 feet ; in four, 256 ; in five seconds, 400 
feet, and so on. 
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106 Will a mass of iron, weighing one hundred pounds^ let faU Jront 
an elevation^ reach Uie ground any quicker than a mass weighing only one 
poundj kifaU at the same time and from the sam^e placet 

No ; the lighter mass will fall with the same velocity, 
and reach the ground as soon as the larger one. 

Before the time of Galileo it was taught and believed, that if two 
bodies of different weights were let fall from any hciglit at the same mo* 
ment, tlie heavier body would reach the ground as mucli sooner as its 
weight was greater than the smaller. Galileo, on the contrary, main- 
tamed that they would both strike the ground at the same time, and, aa 
his doctrine was generally disbelieved, he cliallenged his opponents to a 
practical trial. The experiment was made from the top of the celebrated 
leaning tower of Pisa, in the presence of a great concourse of people, and 
resulted in the complete triumph of Galileo. 

167 What is the rule by which the height from which a bodyfdUs may 
he found, the time consumed in falling being known? 

Mvltvply the square of the numher of seconds of time 
consumed infdlting^ hy the distance which a hody will 
faU in one second. 

168 If a stone is five seconds in falling from the top of a precipice, how 
high is the precipice t 

The square of five seconds is 25 ; this multiplied by 
16, the number of feet a hody will faU in one second^ 
gives 400, the height of the precipice. 

X6Q What is a pendulum f 

A pendulum is a heavy hody^ as a piece of metal, 
suspended hy a wire or cordy so as to swing backwards 
and forwards. 

170 When is a pendulum said to vibraie f 

When it swings backwards and forwards ; and that 
part of the circle through which it vibrates, is called 
its arc. 

171 Whai is a common clock f 

Merely a pendulum^ with wheel-work attached to it, 
to record the number of vibrations, and with a weight 
or spring, having force sufficient to counteract the re- 
tarding effects of friction and the resistance of the air. 

17S H&w long must a pendulum be to beat seconds? 

About 39 inches. 

173 Why does a common dock go faster in winUr (han in summer f 

2* 
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16Q WiU a ma»a of iron, toeigking one hundred pcaaib, W /aO /rnm 
an devalutTi, reach iiie ground any quicker ihan a maia vxnjhing uniy ont 
pound, iei/tiilat the eame lime and /ruia Ok »aine place f 

!No ; the lighter maES will fall witli tlie Bnmo velocity, 
and reach the ground as soon as the larger one. 

Before the time a! Galileo it wan tauf^t nnd brliiM-o<l. that ir two 
bodies of diiTereiit weights wore let (all fruin anj ht-iKlit at tlic nmo nw 
meat, liie heavier body would reach llio ground ag tnucli Hnawt aa il« 
weight was greater than the amaller, Gulileo, on the poiiinuy, miiiti- 
taiiicd that tlio; would both Btriko tlic gmiind at llin name time. aii4 as 
Ilia doctrine was general); diabelioved, he cliallctiKisl liia oiipnnciitn lo a 
practical trial. Tlie experiment was made (Vom liie toponiw ci'li-LnUiI 
leaning tower or Pisa, in the prcsenee of a groat coucourao uT people, and 
resulted m the complete triumpli of Ualiloo. 

I&T What ia Ok rufa by which Ok height from ahidt a bodyfatU may 
ie fimnd. Vie time coatumed in fatting being known t 

JtCttltiply the amiare of the numhiT of tfcond^ of (ims 
coneuined in_faUing, by tlie dlstaru-e which a body tcUt 
fall in OTIS second. 

188 If a stone is five atcondi in faSing from Ote top b/ a jyrtcipiet, hoiM 
high is the precipice T 
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Length of pendalnm affects the rate of a clock. 

Because the pendulum-rod becomes coni/racted by 
cold in winter, and lengthened by heat in summer. 

174 Why does a change in the length of the pendulum cause a dock to 
go faster or slower t 

The number of vibrations which a penduhim makes 
in a given time depends upon its Imgth^ because a 
long pendulum does not perlbrm its journey to and 
from the corresponding points of its arc so soon as a 
short on^ 
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PART n. 

APPLICATION OF THE LAWS AND PROPER- 
TIES OF MATTER TO THE ARTS. 
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CHAPTEE I. 

HOW WE APPLY POWER. 
17C What is a machine t 

By a machine we understand a comhmation, of me- 
chanicdl powers adapted to vary the direction, applica- 
tion, and intensity of a moving force, so as to jproduoe 
a given result 

1*76 WhxU is (he difference between a machine and a tool f 

The difference between a machine amd a tool is not 
capable of veiy precise distinction. A tool is usually 
more sirrvpU tnan a machine : it is generally used hy 
hand^ while a machine is generally moved by soms 
^ther them human jpower. 

177 Does a machine ever create powers or increase the quantity of 
power or force applied ioitf 

A machine will enable us to concentrate or divide 
any kind or quantity of force which we may possess, 
but it no more increases the quantity of force than a 
mill-pond increases the quantity of water flowing in 
the stream. 

178 I^om what sources do we derive advantages by the use of ma>chinea 
and manufactures t 

From the addition they make to human power; 
from the economy they produce of human time ; from 
the conversion of substances apparently conmaon and 
worthless into valvule prodiicts. 
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17© How do machines make additions to human power t 

They enable us to use tlie powers of natural agents^ 
as wind^ water ^ steam; they also enable us to use ani- 
mal power with greater effect, as when we move an 
object easily with a lever, which we could not with the 
unaided hand. 

ISO How do mfichines produce economy of human tim£ f 

( Tliey accomplish wath rapidity what would require 
the hand unaided much time to perform. A macnino 
turns a gun-stock in a few minutes; to shape it by 
hand would be the work of hours. 

181 How do machines convert objects apparently worthless into valitdbU 
products t 

By their great power^ economy^ and rapidity of ao* 
tion^ they make it profitable to use objects for manii- 
facturing purposes which it would be unprofitable or 
impossible to use if they were to be manufactured by 
hand. Without machines, iron could not be forged 
into shafts for gigantic engines ; fibres could not be 
twisted into cables ; granite, in large masses, could not 
be transported from the quarries. 

18S Why are so many attempts continually made to produce mechani- 
cal engines which shali generate perpetual motion t 

Because the projectors do not understand the great 
truth, that no jor^n or combination of machinery cany 
under any circumstances^ increase the quantity of power 
applied. 

183 What is the object of a machine t 

To receive and distrihute motion derived from an 
external agent, since no machine is capable of generat- 
ing motion or moving-power within itself. 

184 Whai are the principal sources from whence power is obtained t 

Men and animals, water , wind, steam, and gunpow- 
der. Tlie power of all these may be ultimately re- 
solved into those of muscular energy, gravity, heat, 
and chemical affinity. 

185 Are there any other sources of power t 

Yes ; magnetism, electricity, capillary attraction, etc. ; 
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but none of these are capable of being used practically 
for the production of motion. 

18G How is muscular energy exerted f 

Through the contraction of the fibres which constitute 
animal rnuscles. The bones act as levera to facilitate 
and direct the application of tliis force, the muscles 
operating on them through the medium of tendons, or 
otherwise. 

187 What animah possess the greatest amount of muscular power f 

leasts of jprey. Some very small creatures, how- 
ever, possess muscular power in proportion to their 
bulk, incomparably greater than that of the largest 
and greatest of the brute creation. Kflea^ considered 
relatively to its size, is far stronger than an elephant or 
a lion, 

3.88 In what meVwd can a man exert the greatest active strength f 

In pulling upwards from his feet : because the 
strong muscles of the back, as well as tliose of the up- 
per and lower extremities, are then brought advan- 
tageously into action. Hence the action oi rowing is 
one of the most advantageous modes of muscular action. 

189 What is (he estimate of the uniform strength of an ordinary man 
for (he performance of daily mechanical labor t 

That he can raise a weight of 10 pounds to the heig/U 
of 10 feet once in a second^ and continue to labor for 
10 hours in the day. 

190» What is a " horse-power ?" We say a steam-engine is of a cer- 
tain horse-power ; what is the meaning of the term t 

Tlie meoMcre of a" horses power^'* adopted as a 
standard for estimating the power of steam-engines, is 
that he can raise a weight of 33,000 pounds to tJie 
height of one foot in a minute. 

191 What is the strength of a horse compared with that of man t 

Tlie force of one horse is considered to be equal to 
that of Jive men. 

192 What do we mean by "water-power f^ 

Tlie power obtained by the action of water, — applied 
generally to the circumference of wheels, which it 
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causes to revolve, either by its weighty hy its lateral 
impulsey or hy hoth conjointly. 





Fiff.8. 



Pi«,». 



The most common forms of water-wheels in use are the under-shot and 
over-shot, or breast- wheels. In the under-shot wheel, Fi^ 8, a stream of 
water strikes against the " float-boards" or paddles, placed so as to receive 
the impulse of the water at right angles to the radii or spokes of the 
wheel. In over-shot or breast-wheels, Fig, 9, the water is received in 
cells or buckets on the top or side. In this case the wheel revolves 
through the agency of the weight of the water. 

1G3 Upon what does the power of steam depend t 

Upon the tendency which water possesses to expand 
into vapor when heated to a certain temperature. 

1G4 What is gunpowder? 

A solid explosive substance, composed of saltpetre or 
nilre, sidphur^ and charcoal^ reduced to powder, and 
mixed intimately with each other. 

1©5 Upon what does the power of gtmpowder depend f 

When brought in contact with any ignited suBstance, 
it explodes with great violence. A vast quantity of 
gaSy or elastic fluids is emitted, the sudden production 
of which, at a high tenvperatv/rey is the cause of the 
violent effects which this substance produces. 

1©S Is the power produced in (he explosion of powder ever used for 
propelling machinery regularly f 

It is not, on account of its expensiveness and the sud- 
denness and violence of its action. It is chiefly applied 
to the thro\\4ng of shot and other projectiles, and the 
blasting of rocks. 

197 Wlwi is the estimated force ofgwnpowder when exploded f 
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At least 14,750 pounds upon every sqv^re inch of 
the surface which confines it. 

198 What are (he essential properties of a gun t 

To conjlne the elastic jhiid generated by the explo- 
sion of the powder as completely as possible, and to 
direct the course of the iaU in a straignt or rectilinear 
path. 

lOG Why win a rifle send a haU more accurately (hdn a musket^ or 
ordinary gun t 

Tlie space produced, by the difference of diameter 
between the oaU and the hore of the gun greatly di- 
minishes the efiect of the powder, by allowmg a part 
of the elastic fluid to escape before the ball, and also 
permits the ball to deviate from a straight line. The 
advantage of the rifle-barrel is chiefly derived from 
the more accurate contact of the ball with the sides of 
its cavity. 

200 To what distance may a haU he throion hy a twenty-four pounder f 

With a quantity of powder equal to two-thirds the 
weight of the ball, it may be thrown about four miles. 

The effective range of a twenty-four pounder is, however much less 
than this. 

SOI Eow much further would the same haU goj were the resistance of 
the air removed f 

About ^^ times the distance^ or twenty miles. 

SOS Why is gunpowder always manufactured in little grains t 

In order to cause it to explode mm*e quicTdy^ by faci-^ 
litating ^<^ passage ofthejtame among the particles. 

S03 By what terms are cannon of different sizes disUnguishedf 

By the weight of the hall which tliey are capable of 
discharging. Thus, we have 68-pounders, 24-pounder8, 
IS-pounders, and the lighter fleld-pieces, from 4 to 
12-pounder8. 

204 Are there any more explosive substances than gunpowder f 

Yery many ; but all of them are too expensive or 
dangerous for practical use. 

SOS By w?iom was gunpowder supposed to have been discovered f 

It is generally agreed that gimpowder was used by 
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the Chinese many centuries before tlie Christian era. 
In Europe, its composition and properties were dis- 
covered by Berthold Schwartz^ a Prussian monk, in 
the twelfth century. It was first used in battle in 
1346. 



CHAPTER II. 



BTEENGTH OF MATERIALS. 



SOS When materials are employed for mechanical purposes, upon whai 
does their power or strength, apart from the nature of Hie m,ateriai, depend 
for resisting external force f 

Upon the shape of the material, its hearing^ and the 
nature of the force applied to it. 

207 In wJiai position wiU a bar or beam sustain the greatest applicaiiort, 
of force? 

When it is strained in the direction of its length. 

8O3 WJiai do we mean by stiffness of a material t 

It is the resistance to the application of force tending 
to bend it. 

00© ffow much stiffer is a beam supported ai both ends^ than one of 
Jialf the length firmly fixed at only one end f 

Twice as stifE 

210 In whai f&rm can a given quantity of matter be arranged so as ia 
oppose the greatest resistance to a bending force f 

In the form of a hoUow tube or cylinder. 

Sll Why are the bones of man and animals hoUow and cylindrical f 

Because in this form they can with the least weight 
of material sustain the greatest force. In man and 
animals, tlie hollow part of the bones is filled with an 
oily substance called marrow. 

812 Why are the quiUs of birds hoUow and empty of marrow t 
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In order that they may possess the greatest strength, 
and by their lightness assist in flying. 

213 Why are the stems of seeds and grain-hearing plants hollow tubes t 

Because this disposition of matter gives to the stalk . 
its greatest strength, enables it to resist the action of 
the wind, and sustain, without breaking, the ripened 
ear of grain or seed. 

S14 Js a column witli ridges ^rejecting from ii, stronger than one Viat 
is perfectly smaoVi t 

It is. 

216 Why is a hoUovj tube of meted stronger than Hie same quantity of 
metal as a solid rod f 

Because its substance standing farther from the 
centre^ has a greater power of resistmg a bending 
force. 

21S Of two todies of similar sliape^ hut of different sizes, which is pro- 
portionably the weaker t 

The larger. Tliat a largo body may have propor- 
tionate strength to a smaller, it must have a greater 
proportionate amount of material ; and beyond a cer- 
tain limit, no proportions whatever will keep it to- 
gether ; but it will fall in pieces by its own weight. 

217 Why cannot trees attain an unUmiied height of trunk t 

Because, beyond a certain limit, the Widght of the 
material will overcome the supporting strength of the 
material. 

218 Why is it impracticable to build ships beyond a certain size t 

Because the weight of the timber and other materials 
contained in them tenos to cause them to fall apart. 

In 1825, two vessels, the largest ever constructed, were built in Ca- 
nada, of 10,000 tons burden. They were found to be weak ih)iii their 
size alone, and were both lost on theu: first voyage. 
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CHAPTER III. 

APPLICATION OF MATERIALS FOR ARCHITECTURAL OR 

STRUCITRAL PURPOSES. 

819 What are cements f 

Cements are for the most part soft or semi-fluid sub- 
stances which have the prcfperty of becoming hard in 
time^ and cohering with other bodies to which they have 
been applied. 

S380 Of whai are Vie ordinary cements which are caMed mortars comr 
posed t 

Of quicMimSy sand^ and water. 

SSI What is quicklime t 

Quicklime is principally ^r^ Z^tw^, and is obtaineo. 
from the limestone rock, ordinary marble, or shellfi^ 
which are composed of carbonate of lime, by calcina 
tion. The eifect of the burning is to drive on the car- 
bonic acid, leaving the lime pure and uncombined. 

88S What is slacked lime t 

If quicklime obtained as above described be wet 
with watery it instantly swells and cracks, becomes 
exceedingly hot, and at length falls into a white, soft, 
impalpable powder. This is denommated ^^ slacked 
lime. 

2S3 WJiai is ordinary whitewash f 

A mixture of slacked lime with water. 

884: Why shovM slacked Um£ intended for mortars be eoccktded from 
the air J or used soon after it has been prepared t 

Because if exposed to the air it absorbs carbonic 
actdj and becomes converted again into its former con- 
dition of carbonate of lime, 

88S Why does Trwrtar become hard after a few days t 

A portion of the water evaporates, and the lime by 
a sort of crystallization adheres to the particles of sand 
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and unites them together. The lime also gradually 
becomes conveiled into carbonate of lime. 

826 W?iat sand is mssi suitable for the formation of mortar t 

That which is wholly silicioics and is sharp / that is, 
not having its particles rounded by attrition. 

SS7* Wliai are the proportions of lime and sand in good mortar t 

The proportions are varied in different places : the 
amount of sand^ however, always exceeds that of the 
Ume, The more sand that can be incorporated with 
the lime the better, provided the necessary degree of 
plasticity is preserved. 

SS8 What are water ^ hydraulic, or Roman cements f 

Tliose which have the property of hardening under 
water^ and of consolidating almost immediately on be- 
ing mixed. 

880 To what cause do the water-cements owe their property of becoming 
hard under water t 

Tlie cause is not satisfactorily known : all water- 
cements contain a portion of lyurnt clay, which proba- 
bly absorbs immediately all superabundant moisture 
from the lime, and thus expedites its solidification. 

This explanation is rendered more probable from the fact, that if the 
clay is burnt sufficient to vitrify it or convert it into brick, it ceases to 
form a water-cement. 

S330 What are the constituents of a water-cement t 

Quicklime^ sa/nd or silica^ and a proportion of clay, 

J331 Whatisstucco7 

Stucco is coniposed of various ingredients, generally 
of ^'plaster of Paris^^ sometimes ot white mai'ble pul- 
verized and mixed with plaster and lime. 

S3S Whatisterra-cotial 

Literally, hahed clay^ a name given to statues, archi- 
tectural ornaments, vases, figures, etc., modelled of 
potters'-clay and fine colorless sand, and afterwards 
exposed to a most intense heat. 

S33 Why are bricks when burned usually of a red color f 

Because the iron contained in the clay is converted 
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l)y the heat into the red oxide of iron^ and adts in this 
state as red coloring material. 

83^^ Why are the bricks Tnanufactured at Chicago, and some other 
parts of Vie Western country, of a white or yeUow color f 

Because the day of which they are formed does not 
contain sufficient iron to color them. 

S86 Why did Hie children of Israel in making bricks desire to mist 
straw with the clay t 

{ The bricks of the Egyptians were composed of clay 
simply haked in the sun^ and not burnt. By using 
straw the clay was held together more firmly and the 
brick rendered stronger. 

SSQ Why are the Egyptians enabled to dispense with the process of 
burning the h'icks f 

The extreme dryness of the climate in which they 
were used enable them to dispense with the burning. 
Bricks from Egypt and Babylon, which have remained 
exposed to the open air uninjured for two thousand 
years, rapidly fall to pieces when transported to a 
moist climate. 

SS7 Why do we mix hair with m/yrtar t 

In order to render it more cohesive and stronger. 

338 What are tiles t 

Plates of burnt clay resembling bricks in composi- 
tion and manufacture, and used for tlie coverings of 
roofs or floors. 

i33Q What is mastich or mastic f 

Tlie name given to those cements which contain ani- 
mal or vegetable substances in composition. Mastich 
used for tne external decoration of houses often con- 
tains oil and a preparation of lead. 

240 What is putty f 

Putty, used by glaziers in setting window-^lass and 
for other purposes, is composed of whiting and linseed- 
oil, mixed and worked together. Whiting is simply 
common chalk ground and purified. 
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CHAPTEE IV. 

PRINCIPLES OF AECHXTECTUJ6E 
Q4:X What is architecture t 

In its general sense it is the art of erectmcj buiklings. 
In modem use, this name is often restricted to the ex- 
tenia! ybrm« or styles of building. 

S34S To what cause do the different varieties of architecture owe iheir 
triginf 

To the rude structures which the climate or materials 
of any country obliged its early inhabitants to adopt 
for temporary shelter. 

These structures with all their promiuent features have been afterwards 
kept up by their refined and opulent posterity. Thus tlie Egyptian style 
of architecture had its origin in the cavern or mound; the Chiilese archi- 
tecture is modelled from the tent; the Grecian is modelled from the 
wooden cabin ; and the Gothic from the hoiver of trees. 

S4:3 What kind of shape is it most prohahle (hat Hie first human hahi- 
iations assumed t 

We have every reason to believe that huts of a 
conical form were first constructed. 

344 Whyf 

First, on account of their being easily erected, and 
as easily removed ; secondly, because their declivity 
on all sides would cause tlie rain to run off; and, 
thirdly, owing to their breadth at the base and their 
gradually growing to a point at the top, they were 
capable of resisting the orainary force of tne wind. 

S45 Are conical huts anywhere in use at the present time f 

Yes ; we find tliem still used by the uncultivated in- 
habitants of the South Sea Islands, by the American 
Indians, by the Hottentots, the Kamskatschans, and 
other uncivilized tribes. 

S4:6 Wh£tt are the three chief properties of a good building f 

Usefulness, strength, and beauty. 

•34 7 IP>w are they to he attained f 
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Tlie proper arrangement of the respective parts of 
the building will insure its usefulness. Its strength 
will principally depend on the walls being laid on a 
good and firm foundation, of sufficient thickness at the 
bottom, and standing perfectly perpendicular. And if 
all the parts of a building correspond with each other, 
and are handsome in themselves, then the architect 
may rely on its beauty. 

24:8 What are the essential elementary parts of a building t 

Tliose which contribute to its support^ inclosure^ and 
covering. 

S4:© WJuttisapilef 

A cylinder of wood or jnetal pointed at one extremity 
and driven forcibly into the earth, to serve as a support 
or foundation of some structure. It is generally used 
in marshy or w^et places, w^here a stable foundation 
could not otherwise be obtained. 

8SO Why are long columns supporting great weights made smaUer ai 
the top than ai the bottom f 

Because the lower part of the column must sustain 
not only the weight of the superior part^ but also the 
weight which presses equally on t/ie whole column. 
Therefore the thickness of the colunm should gradually 
decrease from bottom to top. 

251 In the construc- 
tion of buildings various 
terms are employed to de- 
signate the meHuod in 
which the tirnbers are 
fitted into each other: what 
do we m£an byirvoriisingf 

Mortising is a 
method of insertion 
in wliicn the pro- 
jecting extremity 
of one timber is 




Fift. 10. 



••» 



received into a perforation in another. {See jig, 10.) 

2S3 Why are steep roofs^ or those constructed with considerable incli- 
tkUionj best adapted for houses in cold climates t 

In order that the snow may not be retained upon 
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them, which otherwise would be liable to injure the 
building by its weight. 

258 Wfuii is a mnrtise t 

Tlie opening or Jiole cut in one piece of wood to 
admit \hQ projecting Extremity of another piece. 

254: What is a tenon f 

The^ end of a jriece of thnher which is reduced in di- 
mensions so as to be fitted into a mortise for fastening 
two timbers together. 

J3C6 What is scarfing and interlocking t 

It is that method of insertion in which the ends of 
pieces overlay each other, and are inderded together, so 
as to resist longitudinal strain by exteiision, as in tie 
bearers and the ends of hoops. (See Jig. 11.) 




Fig. 11. 



253 What is tongueing and rabbeting f 

It is that method of insertion in which the edges of 
hoards are wholly or partially received by channels in 
each other. 

S5r What is an arch f 

It is a part of a stnicture or building suspended over 
a hollow, and concave towards the area of the hollow. 

268 Is it knotvn at whai time the arch was invented f 

It is not ; it does not appear to have been known to 
the ancients. 

250 Why is an arch capable of resisting a greater amotint of pressure 
than a horizontal or rectangtUar strttcture constructed of Que same mar 
ierialsf 

Because the arrangement of the materials composing 
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the arch is such, tliat the force which would break a 
horizontal beam or structure is made to cmupress all the 
particles of the a/rcli aliJce^ and they are therefore in i.o 
danger of being torn or overcome separately. 

S60 What is meant by dovetailing t 

It is a' method of insertion in 
which the parts are connected 
hy wedge-shaped indentation^^ 
which permit them to be sepa- 
rated only in one direction, (&ce 

S6X What beautiful application of the arch exists in the human struc- 
ture 1 

In the shull^ protecting the brain. Tlie materials 
are here so arranged as to present the greatest strength, 
with the least weight. 

06S Why is it difficuU to break an egg by pressing directly upon its 
ends? 

Because the shell of the egg is constructed on the 
principle of the arch^ and is therefore capable of re- 
sisting great pressure. 

563 Why is a dished or arched wheel of a carriage much stronger for 
resisting all kinds of shocks than aflat wheel f 

In an arched or dished wheel, the extremity of a 
spoke cannot be displaced inw^ards, or towards the car- 
riage, unless the rim of the wheel be enlarged^ or all 
the other spokes yield at the same time ; and it cannot 
be displaced outwards, unless the rim be diminished^ 
or the other spokes yield in an opposite direction. 

Now the rim, being strongly bound with a tire of iron, cannot suffer 
either increase or diminution, and the strength of all the spokee is thus 
conferred by it on each individually. In a flai wheel, a given degree of 
displacement, outwards or inwards, of the extremities of a spoke, would 
less affect the magnitude of the circumference, and therefore the rim of i 

Buch a wheel secures it much less firmly. 

564 Why are the fore wheels of carriages smaller than the hind 
wheels? 

Because they facilitate the turning of the carriage. 
The advantage of the wheel is proportioned to the nuig- 
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nitude ; the smaller wheel having to rise a steeper 
curve. 

26S What is an abutment f 

The vertical wall which sustains the base, or " spring" 
of an arch. 

S66 W?iat is meant by an order in architecture f 

By an architectural order, we understand a certain 
mode of arranging and decorating a coluinn^ and the 
adjacent parts of the structure which it supports or 
adorns. 

1307 How many orders are recognised t ^ 

Five: — ^the Doric^ lonic^ and Corinthian^ derived 
from the Greeks; to these the Romans added two 
others, known as the Tuscan and Conupbsite. 

J3©8 Row do pilasters differ from columns f 

Only in their plan, which is square^ as that of 
columns is round : pilasters are attached to walls. 

86Q What is a portico t 

A portico is a continued ra/nge of columns covered at 
the top to shelter from tlie weather. The portico of the 
temple at Palmyra was full four thousand feet long. 

ZVO What are balusters t 

SmaU columns^ or jyiUars of wood^ stone^ <&c.y used 
in terraces or tops of buildings for ornament ; also to 
support railing. When continued for some distance, 
they form a balustrade. 

871. Wh>ere did (he Gothic order of architecture originate? 

Among the northern nations of Ewrope, After the 
destruction of the Roman empire, it was introduced to 
the exclusion of the Greek and Roman manner of 
architecture. It seems particularly adapted to reli- 
gious edifices. 

S?7S Whai are the characteristics of the Gothic architecture f 

Pointed arches^ with greater height than breadth in 
the proportions, with ^profuse omamient^ chiefly de- 
rived from an imitation of the leaves and flowers of 

plants. 

3 
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873 What is said io have been (he model of fke aisle of a Gothic eath^ 
iralf 

A group of tall treeSj meeting at the top with inter- 
woven branches. 

874 Ought architecture to be considered as a fine or a useful art t 

As a useful a/rt. 

It is degrading the fine arts to make them entirely subservient to 
utility. It is out of taste to make a statue of Apollo hold a candle, or a 
fine painting stand as a fireboard. Our houses are for use, and architec- 
ture is therefore one of the useful arts. In building, we should plan the 
inside first, and then the outside to cover it. 

876 Why is it bad taste to construct a dweliUng-house in the form of a 
Grecian temple t 

Because a Grecian temple was intended for external 
worship^ not as a habitation or a place of meeting. 

876 Had (he Goihs, wJio plundered Home, anything to do vrith the 
invention of Gothic architecture f 

No ; the name was introduced abont two hundred 
years ago as a term of reproach, to stigmatize the 
edifices of the Middle Ages, which departed from tho 
purity of the antique models. 

877 Whai is the fagade of a building t 

Its front. 

S78 What is a pedasUdf 

The lowefr part or hose of the column ; a continued 
base, on which a range of columns is erected, is called 
a stylobate. 

870 What is the base of a column f 

The lower part J where it is distinct from the shaft. 

880 What is the shaft f 

The middle or longest j7(zr^ of the column. 

881 Whai is the capital? 

^ The upper or ornamental part resting on the shaft. 
The height of a column is measured in diameters ot 
the column itself, always taken at tlie base. 

888 Whatis the plinth f 

This term is applied to the lower part of the pedestal^ 
or to any square projecting basis, such as those at the 
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bottom of walls, and under the base of columns. The 
lower part of the pedestal being called the plinth, the 
middle part will be termed the die^ and the upper 
part the cornice of tJie pedestal, {See fig, 13.) 



Entebbtort. 



Colnmn.. 



Stylobate or Pe- , 
defttal " 




....ComiM. 
.... Frieze. 

....ArohitraTe. 
«...CapitaL 



...Baa*. 
....Cornioa 

....Die. 
....PllBth. 



283 Whai is the erUahkUuref 

The horizontal coTdvrmovs jportion which rests upon 
the top of a row of columns. 

88^ Whai is (he architrave t 

The lower part of the entablature. 

S86 Whai is ike frieze f 
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The middle pa/rt of the entablature. 

see Whaiia^hAoiyrmcitf 

The upper or projecting pa/rt of the entablature- 
{For iUvstration of these dijferent terrnSj see Jig. 13.) 

J387 In selecting a stone for architectural purposes^ Tiow may we be able 
to form an opinion respecting its durabiUty arid permanence f 

By visiting the locality from whence it was obtained, 
we may judge from the surfaces which have been long 
eaposea to the weather if the rock is liable to yield to 
a;tmospheric influences, and the conditions under which 
it does so. 

" For example, if the rock be a granite, and it be very uneven and 
rough, it may be inferred that it is not very durable ; that the feldspar, 
which forms one of its component parts, is more readily decomposed by 
the action of moisture and n'ost than the quartz, which is another ingre- 
dient; and therefore that it is very unsuitable for building purposes. 
Moreover, if it possesses an iron-brown or rusty appearance, it may be 
set down as highly perishable, owing to the attraction which this metal 
has for oxygen, causing the rock to increase in bulk, and so disintegrate." 

88S Why are the sandstones, termed freestones^ iff adapted for the 
external portions of exposed buildings t 

Because they readily absorb moistu/re / and in coun- 
tries where frosts occur, the freezing of the water in 
the wet surface continually ^e^ off the external por- 
tions, and thus, in time, all ornamental work upon the 
stone will be defaced or destroyed. 

089 Why do some species of rock become harder when taken from the 
quarry and exposed to the aimjosphere t 

This quality, in some species of stone, arises from 
the fact that the water contained in it, when forming 
part of the natural rock, evaporates, and the stone, 
becoming dryer, becomes harder, 

290 Why do some stones, although hoard when first quarried, become 
friaUe, and fall to pieces, when eooposed to the aimasphere f 

Because they contain day or alumina in such a state 
as to readily aJbsorh moistv/re from the atmosphere ; and 
through the agency of the moisture the particles los^ 
their cohesion and fall apart 
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2331 Irdo what two dosses may aU fluid substances he divided? 

Into liquids, as water, oil, molasses, etc. ; and into 
gases, as common air, carbonic acid gas, oxygen, and 
others. 

2Q3 W?iat designation do we give to those branches of science^ which 
treat of the laws and phenomena of liquids f 

Hydrostatics, which considers the laws and pheno- 
mena of water and other liquids in a state of rest ; and 
hydraulics, which consider the laws and phenomena 
of liquids in motion. 

S93 What designation do we give to that department of science which 
treats of the laws and phenomena of gases, and other substances resembling 
airf 

We apply the term Pneumatics to that department 
of science wliich explains ai^d illustrates those pheno- 
mena which arise from the weight, pressure, or motion 
of common air and other gaseous bodies. 



CHAPTER I. 

WATER IN MOTION AND AT BEST. 

204 WTien water or any other fluid is at rest, in whai condition is its 
ntrfacet 

Tlie surface of water at rest is always perfectly level 
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806 Why is the surfcux of a fluid aX rest always level t 

Because the particles are equally attracted towa/rds 
the earth hy gravity^ and are all equally and perfectly 
movable among themselves. 

S30S How sUghi a declivity is sufficient to give a running motion to 

Three inches to a mile in a smooth, straight channel, 
gives a velocity of about three miles per hour. The 
river Ganges, at a distance of 1800 miles from its 
mouth, is only 800 feet above the level of the sea. 

S3Q7 On what principle are we enabled to conduct water under ground 
through irregular tubes t 

On the principle that water will always rise to an 
exact level in different tvhes^ pipes, or vessels communi- 

eating with each other. 

If we connect together a 
series of vessels, no matter 
how various their shapes and 
capacities, so that water maj 
rise from the main channel, 
A B, into them, we shall find 
upon pouring water into one 
that it will rise to the same 
^ft' '*• level in all the vessels. 

The dependence of all arrangements for conveying water in aqueducts 
under ground upon the principle, that water in closed tubes or vessels 
rises to a uniform level, is clearly shown in Mg. 16 : a, a^ a^ represents 
the water-level of a pond or reservoir upon elevated ground. From this 
pond a line of pipe is laid, passmg over a bridge or viaduct at d^ and 





under a river at c. The fountains, at &, 5, show the stream rising to its 
level in the pond, a, at two points of very different elevation. 

8Q8 In what part of a river does the waierfUm most rapidly t 

In the middle of the stream^ at the sxtrface. On the 
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sides and bottom the velocity is diminished by the 
friction of the water against the banks, bars, etc. 

SOO WJiai is the origin of springs t 

The water falling upon the earth sinks dovmwards 
through the sand and porous materials^ until an imper- 
vious iJ^d^ of clay or rock is reached. Here the water 
dccumiclateSj ana finally hursts out at some point where 
the impervious bed or strata comes to the surface in 
consequence of a valley or excavation. 

Suppose a (F[g. 16) to 
be a gravel bill, and b 
a strata of clay or rock, 
impervious to water. 
The fluid percolating 
through the gravd 

would reach the imper- 

Pj^ jg^ vious strata, along 

which it would run un- 
til it found an outlet at e at the foot of the hillt where a spring would be 
formed. 

800 Why does not the voaier ooze out everywJiere ahng the line of Junc- 
tion of the two fbrmjaUona — the gravel and the rock or day — so as to form 
one continuous land soak^ instead ofaf&o springs only, and these far distanU 
from one anoiher t 

For two reasons : first, on account of rerUs and Jis- 
sures in the layers of rock, which act as natural drains ; 
secondly, the existence of inequalities in the surfjtce 
of the mipermeable stratum, which lead the water, as 
valleys do on the external surface of a country, into 
certain low levels and channels. 

30X Why does the water coBed in an ordinary weUf 

An ordinary well consists of an excavation continued 
until a stratum or layer of clay or rock is reached that 
is permanently saturatea with water. They are not 
commonly supplied by springs, but merely by the 
draining of the water which exists within the circuit 
of a few yards into a cavity. 

803 Why do wells and springs fail oftentimes in dry weaiher t 

Because they are supplied by the water faUina as 
rain^ which percolates from the surface of the earth. 
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303 What i> an Arleirian meSt 

Water is Bometimes obtained by horing into th« 
earth with a species of auger, until a vein or slieet of 
■water is found, wliicli rises to the surface througli the 
cylindrical excavation. Such excavations are called 
Artesian wells, because the method was first invented 
and employed at Artois, in France. 

804 now do yoa accounl fin- the waier rising to the aurface in Art»- 
Han, and suinetiniea in ordinary wfUs t 

Strata which are pervi(ms frequently alternate with 
others which are not bo ; or may form a basin, the 
area of which is partially filled with clay, tlirough 
which water cannot pass ; in such a case it is obvious 
that the bed of eand ocneath the clay, fed by the rain 
which descends on the tincovered margin of the basin, 
must form a reservoir where the water will gradually 
accumulate beneath the central layer of clay, through 
which it cannot escape. If tlie bed of clay be pene- 
trated by natural or artificial means, the water must 
neeeesanly rise to the surface, and may even be thrown 
up in a )et to an altitude which will depend on the 
level of the fluid in the subterrauean reservoir. 



, na- II. 

Thus, iT a sandy Htratuin. a a (FJg. 17), acting as a filter, occupies mi 
inelined position between two other strata impervious to water, such 
aa claj, the water being absorbed by tlie superficial parts of the strata, 
np at II a (wliicli may be of very gjeat extent), will penetrate through its 
whole ilfpth, and, finding no egress below on aeeount of the basin-lilte 
rorm of t)ie stratum, or from its renting at Die lower termination upon a 
compact rock, will acciiniulala The porous Strata, Uierefore, becomes a 
reservoir to a greater or leaa extent, and iij hy boring through tlie super 
iDcumbeat nuisa, we lt>rm an <f)Ouing into tho stratum, as at b, the water 
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will rise in it, and flow over in a jet proportional to the height of th« 
water acxiumulated in the stratum from whence it flows. 

SOS What general effect does the cultivation and drairmge of a country 
have upon the springs t 

In a well cultivated and improved countiy the 
springs are comparatively few in number and not con- 
stant. While the face of a country ia rough, the rain- 
water remains long among its inequalities, slowly sink- 
ing into the earth to feed the springs, or slowly run- 
ning away from bogs and mai'shes towards the rivers ; 
but in a well drained, country the water runs off quick- 
ly, often producing dangerous floods. 

so© Bow is the pressure of water exerted? 

Equally in all directions. 

so 7 Does water ^ contained in a vessel^ press with as greai force against 
the sides and top as against the bottom t 

The pressure, in all directions, is the same 

G08 Whai is the resuU if a corked empty batik be lowered into the 
ocean for a considerable depth t 

The cork is generally forced inwards at a given 
depth, no matter in what direction tlie mouth of the 
bottle may happen to point. 

S09 Jf the cork is fastened immovably into the bottle^ what will be the 
effect t 

The bottle will be crushed inwards by the pressui-e 
before it reaches a depth of sixty feet. 

810 When a ship founders in shallow water, the lorecky on breaking to 
pieces, generally comes to the swface and is cast upon the shore ; but when 
a ship sinks in very deep water, it never rises : why is this t 

The jyressure of very deep water forces the water 
into the j)ore8 of the wood, and makes it so heavy that 
no part of the wreck is enabled to rise again. 

311 Can you sink a cork so deep that it wiU not rise to the surfaa 
again f 

At a ffreat depth the water forced by pressure into 
the pores of the cork renders it so heavy that it cannot 
rise. 

SIS What is the pressure of water expressed in numbers f 

The pressure of water at any depth, whetlier on the 

3* 
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sides of a vessel or on its bottom, or on any body ini- 
niei*sed in it, is nearly one pound on the sq^uare inch 
for every two feet of aepth. 

313 What is water f 

Water is a ^uid composed of oxygen and hydrogen^ 
in the proportion of eight parts of oxygen to one part 
of hydrogen. 

814: Why i8 water fluid? 

Because its pa/rtides are kept separate by latent 
heat; when a certain quantity of this latent heat is 
driven out, water becomes solid, and is called ice. 

By increasing its lateni heat, the particles of water are again subdivided 
into invisible steam, 

316 Why is spring water generally caUed " hard water f " 

Because it is laden with foreign matters^ and will 
not readily dissolve substances immersed in it. 

316 WJiai makes spring or well waier genearUy hardt 

"When it filters through the earth, it becomes im- 
pregnated with sulphate of lime, carbonate of lime, 
carbonic acid, magnesia, and many other impurities, 
from the earths and minerals with which it comes in 
contact. 

• 31*7 What is Ihe cause of minefral springs? * 

When water trickles through the ground, it dissolves 
some of the substances with which it comes in contact ; 
if these substances are retained in solution, the water 
will partake of their mineral character. 

818 When is a mineral water caUed a chalybeaie f 

When it contains iron^ in some form, dissolved in it. 

81d Mineral springs exist in aU parts of our country : what is (he 
nature of the substances contained in them t 

The great majority of them are only impregnated 
with iron^ salt^ or sful/phwr. Some few, however, con- 
tain many different substances, as the mineral waters 
of Saratoga. 

820 Why are springs containing iron in large quantities beneficial to 
fOTne invalids t 

Because the iron contained in the water acts as a 
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ionic; that is, it strengthens and invigorates the sys- 
tem. 

8S1 V What quantity of minerdl matter is generally contained in comr 
paraiively pv/re natural waters t 

Any water which contains less thmi fifteen grams of 
solid mineral matter in a gallon, is considered as comr 
pa/rdtivdy pure. Some natural waters are known so 
pure that they contain ^nly -^ih of a grain of mineral 
matter to the gallon, but such instances are very rare. 

Waters obtained from different sources may be classed as regards com. 
parative purity as follows : 

Rain water must be considered as the purest natural water, especiallj 
that which fidls in districts remote from towns or habitations; then 
comes river water ; next, the water of lakes and ponds ; next, spring 
waters ; and then the waters of mineral springs. Succeeding these, are 
the waters of great arms of the ocean into which immense rivers dis- 
charge their volumes, as the water of the Black Sea, which is only 
brackish ; then the waters of the ocean itself; then those of the Mediter- 
ranean and other inland seas ; and last of all, the waters of those lakes 
which have no outlet, as the Bead Sea, Caspian, Great Salt Lake of 
Utah, etc. etc 

82S How much solid matter is ordinarily contained in a gaUon of sea 
fOcUert 

From twenfy-iwo himdred to twenty-eight hundred 
grains. 

3133 Bow much solid matter is contained in a gdUon of waierfrom (he 
Dead Sea f 

From eleven thousa/nd to twenty-one thousa/nd grains^ 
or nearly one-fourth part of its weight. 

834 Does air exist in aU natural waters t 

It does : fishes and other ma/rvne ammals are depend- 
ent on the air which water contains for their existence. 

813S Would absolutely pure water act as a poison to a fish f 

The fish would die of suffocation in such water. 

SS6 WTiere is (he purest water to be found as a natural product t 

The purest natural water that can be procured is 
obtained by melting freshly-faUen snow^ or by receiy- 
ing rain in clean vessels at a distance from houses. 

SJ37 Why is flowing water not liable to become stagnant t 

Because its currents carry away all contaminating 
9vi>stances to the sea. 
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828 What makes water bubble and sparkle t 

The air or gas contained in it. 

8i30 Why does soapy water, especially, bubble f 

Because soap makes water tenacious, and prevents 
the bubbles from bursting as soon as they are formed. 

S30 When soap-bubbles are blown from a pipe, why do they ascend? 

Because they are filled with the warm air of the 
lungs, which is lighter than cold air. 

881 Why is waier fresh from the well or fountain more sparkling and 
refreshing ttian the same water after it has been for s<mie time exposed to 
the air f 

All spring and well waters contain atmospheric air, 
oxygen^ and carhonic amd gases^ dissolved in them. 

The amount of these substances contained in water, depends upon its 
temperature, cold water dissolving and retaining a larger quantity than 
warm or tepid waters. When cold waters from springs or fountains are 
exposed to the air, they become elevated in temperature, and the gases 
contained in them escape, rendering the water flat and insipid. The 
principal agent in imparting a sparkle and freshness to water is atmo- 
spheric air, and not carbonic acid, as is often supposed and taught. The 
quantity of carbonic acid present in ordinary spring waters is generaUy 
inconsiderable. 

83i3 Why is it diffictdt to wash with hard water f 

Because the water contains saline matters, which 
deprive the water of a part of its solvent power. 

338 Why is it difficult to wash with soap in soli water f 

Because soap is insoluble in salt water. 

334 Why does water clean dirty linen t 

Because it dissolves the stains as it would dissolve salt. 

335 Why does soap greatly increase the cleansing power of water f 

Because many stains are of a greasy nature ; and the 
alkali of the soap has the power of uniting with greasy 
matters, and rendering them soluble in water. 

838 Why is rain waier soft f 

Because it is not iTnjpregnated with earths and mine^ 
raJ'S, 

837 Why is it more easy to wash vnih soft waier than wiCh hard? 

Beciause soft water unites freely with soap and dis- 
solves it ; in hard water the soap is either insoluble oi 
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becomes decomposed. The solvent power of water 
increases also with its purity or softness. 

83S WJien we wash with soap in waier what cJiemicai action takes 
placet 

The soap is resolved into a fatty substance and an 
alkali ; the alkali dissolves most of the organic sub- 
stances which constitute the dirt which we wish to 
jemove, and the greasy matter effects by its lubricity 
an easy washing away of the dissolved matter from 
other substances. 

. 339 Why do wood ashes render hard water soft t 

Because they contain a powerful alkali — ^potash, 
which removes or neutralizes those impurities in the 
water which rendered it hard and unjSt tor washing. 

840 Why does sugar or saU give a flavor to water t 

Because the sugar or salt (being separated into very 
minute jpartide^ floats about in the water, and mixes 
with it intimately. 

341 Why does hoi waier dissolve sttgar and saU more readily than 
cold water f 

Because the heat of the water assists its solvent ao- 
tion^ and opens for the water a passage through the 
particles of the substance. 

34J3 Why is the sea salt t 

The sea has undoubtedly derived all its salt and 
other soluble mineral substances by washings from 
the lamd. The streams that have flowed into it for 
ages have been constantly adding to its quantity, until 
it has acquired its present condition. 

8^3:3 Why is not rain water sait^ dUhough most of it is evaporated 
frorm. Vie sea f 

Because salt will not efoaporate^ and therefore when 
sea water is turned into vapor, its salt is left behind. 

344 Is there more or less of salt in every spring, river, or lake f 

The saline condition of sea water is but an exagge- 
ration of that of all ordinary lakes, rivers, and springs ; 
they all contain more or less of salty but their contents 
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are continually changinff and discharging themselves 
into the sea ; therefore the salt does not accumulate, 

34:6 Is every Ipke into which rivers fiow^ and from which (here is no 
outlet except by evaporation^ a saU lake t 

It is ; and it is curious to observe that this condition 
disappears when an artificial outlet is provided for such 
waters. 

Such lakes are the Dead Sea, the Caspian, the Sea of Aral, and the 
Great Salt Lake of Utah, the saltneas of all of which exceeds that of the 
ocean. 

84:6 What good purposes does (he presence of so much salt in the ocean 
subserve f 

It depresses the freezing point of the water many de- 
grees, thereby diminishing the dangerous facility wiUi 
which "fields of ice are formed in the polar regions ; it 
also aids in preventing the corruption of the wa/ter by 
the accumulation of animal and vegetable remains. 

847 Whai Ofre ihe substances extracted from the earth which we find 
in sea water t 

The most abundant substance is common saU ; next, 
certain combimMions of m^agnesiaj then saUs of lim^^ 
with small proportions of potash^ vron^ iodine^ and bro- 
mine, 

84:8 Are these substances fimrvd in most springs f 

With the exception of iodine and bromine, they may 
be found in small quantities in almost all springs and 
rivers. 

34:0 Are those substances which we caU impurities in water of any ser^ 
vice to animal or vegetabk systems t 

They give to water its freshness and sparMina pro- 
perties ; pure distilled water is very disagreeable to 
drink ; these substances are also generally beneficial to 
the systems of plants and animals, and are absorbed by 
them with the water. 

8fiSO Does water form part of the composition of most bodies f 

It enters directly into the composition of nearly aU 
crystaUizable bodies and most organic cornpownds. 

8fiSl If the waters of the ocean were not agitated by winds, currents, 
and tides, what would he the effect f 
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The water would become stagncmt 

862 Win water contaminated Wfth animai <md vegetable maUer under 
some circumstances purify itself f 

Water contaminated with animal and vegetable mat- 
ter, if kept for some time, undergoes a spontaneous 
mmjimtton^ losing its offensive odor and color, and 
depositing more or less sediment. Water, for the sup- 
ply of ships, is well known to undergo this process of 
purification by fermentation ; and the larger the quan- 
tity of destructible matter suspended in it, the more 
complete and rapid is its purification. 

863 Whaiisaiidef 

A tide is a wa/ve of the whole oceariy which is elevated 
to a certain height, and then sinks, after the manner 
of a common wave. 

864: WJiat is the cause of tides t 

The attraction of the sun and moon upon the waters 
of the ocean. The moon being nearest to the earth, 
her attraction is six times greater than that of the sun. 
This attraction of the moon raises the waters of the 
ocean as they come under her influence by the motion 
of the earth on its axis. 

866 Bow rr{any tides are (here in a day t 

Two in every lunar day — a period of 24 hours 49 
minutes. 

866 WTiat tides are the highest f 

The sprmg tides. 

857 Why are they higher than at other periods? 

Because the sun and moon are then in such a posi- 
tion that they exert their influence together. For every 
five feet of height in tide produced by the moon, the 
influence of the sun adds one foot. 

863 What are neap tides f 

Low tides, 

869 Why are neap tides hwer than other tides t 

Because then the sun and moon have such positions 
that their attractive influence is opposed to eacn other ; 
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and for every six feet of the moon's tide, the opposite 
attraction of the sun takes away one foot. 

S©0 How fast does the tide wave move f 

The rate of movement of the tide wave depends 
upon the nature and depth of the sea bottom. W ith a 
depth of one fathom, its rate is ei</ht miles jper haur y 
and with one hundred fathoms, eighty miZeaper hour. 

I 361 Does ike height of the same tide vary in different plates f 

The height of the tide in different places depends 
much on the confyuraHon of the Imid ; the same tide 
may rise in one place three inches, and in another 
place thirty feet. 

362 At what period during the day is it high water f 

When the moon passes the meridian — ^that is, when 
it is nearly vertical over the place — the sea is elevated 
to the greatest extent, and it is said to be high water. 

863 WJien is it low water t 

When the moon is upon the horizon^ or about six 
hours after high tide. As the moon passes the meri- 
dian below the horizon, another elevation occurs, so that 
we have the ebb and flow of the tide twice every day. 

364: How much later does the tidal ebb and flow occur each day? 

The time becomes later every day by about ^f^ 
and a half minutes^ which is the excess of a lunar day 
above a solar one: 28i minutes of the former being 
equal to 27i minutes of the latter. 

36£S WhaX is the cause of ordinary sea waves t 

The windj pressing unequally on the surface of the 
sea, depresses one part more tfian another ; every de- 
pression causes a corresponding elevation, and- theso 
undulations are called waves. 

It must be remembered that waves have no other than a vertical mo- 
iiony i.€. up and down. Any substance, as a buoy, floating on a wave, 
is merely elevated and depressed alternately; it does not otherwise 
change its place. 

366 If waves are stationary^ and only move ttp and down, why do they 
9eem to advance tovmrds the shore t 

Tliia is an ocvlar deception. When a corhscrmjo is 
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turned round, the thread appears to move forward; 
and the apparent onward motion of the waves of the 
sea is a similar delusion. 

SST WJiai is ihe cnuse of breakers t 

The interference of rocks or rising hanks in the sea 
with the regular form of the wave, by which the out- 
line or curve of the wave is broken. 

368 What causes the spray of waves f 

Tlie loind driving the surface of the water from the 
top of the wave, and scattering the small particles in 
all directions. 

see Wfiotisihesurfr 

When the shore imns out very shallow for a great 
extent, the breakers are distinguished by tlie name of 
surf. 

8 70 What do we knoio concerning the magnitude and velocity of ocean 
waves? 

On the Atlantic, during a stonn, the waves rise to a 
heiffht of about forty-three J^eet above the hollow occu- 
pied by the ship ; the total distance between the crests 
of two large waves being 559 feet, which distance is 
passed by tne Wave in about seventeen seconds of time. 

371 With what velocity is it estimated that such storm voaves as the 
above described travel t 

At the rate of about thirty't/wo miles per hour. 

A wave is a form, and not a tiling ; the form advances, but not the 
substance of the waves. 

372 If a cock at {he extremity of a pipe be suddcTUy closed while waier 
is running Oirough, why is a noise and shock produced f 

Because the forward motion of the whole body of 
the water contained in the pipe being instantly arrested^ 
and the momentum of a liauid being as great as that 
of a solid, the water strikes the cock with as much force 
as if it were a long bar of metal, or a rod of wood hav- 
ing the same weight and velocity as the water. Then, 
as a fluid presses equally in all directions, a leaden 
pipe of great length may be widened, or even burst in 
the experiment. 
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CHAPTER II. 



SPECIFIO GEAvmr. 



873 Tr?iy does ice float upon water f 

Because it is lighter than water. 

S74b Why does iron sink in waier f 

Because it is heamer than water. 

GTS 1/ we put a piece of ice in aJcokol, it sinks / (^ we put a piece of 
iron upon quicksilver , it floats : why is ihisf 

Because the ice is heavier, than the alcohol, and the 
iron is lighter than the quicksilver. 

STS Wfiat do we mean^ when we say thai ice is Ughter than iron? 

We mean that, taking eqital hvlks of each, the former 
weighs less than the latter ; and when we say that 
quicksilver is heavier than water, we mean that^ in 
equal vclurnes^ as a pint, for instance, the quicksilver 
has a greater weight than the water. 

377 What, then, is spedfl^ gravity f 

It is the weight of a body compared with the weight 
of an eqtcal hulk of water. 

378 Edw does it differ from ordinary or absohUe weight t 

In absolute weight no regard is paid to the volume^or 
hulk of substances. In specific weight, a given bulk 
or volume is compared with an equal volume or bulk 
of water. 

« 

879 What body has the greatest specific weight t 

Purified platina^ which is 22 times heavier than an 
equal bulk of water. 

880 What substance has (he smallest specific weight t 

Hydrogen gas, which is 12,000 times lighter than an 
equal bulk of water. 

331 Why rviU an egg float in strong brine, and not in fresh waier t 

Because the solution of a solid in any liquid increases 
its density, or its specific gravity : the addition of salt 
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to the water, renders the specific gravity of the brino 
greater than that of fresh water, or of the egg. 

38J3 How do cooks sometimes, ascertain if their brine be saU enough for 
pickling f 

Tliej put an egg into their hrine. If the egg sinks, 
the brme is not strong enoicgh / if the egg JloatSy it is. 

883 Why wiU an egg sink, if the brine be not stroTig enough for pich- 
Hngf 

Because an egg will be the heavier ; but if as much 
salt be added as the water can dissolve, an egg will be 
lighter than the strong brine, and consequently float on 
the surface. 

384 Why is it more easy to swim in ike sea than in a river t 

Because the specif gravity of salt water is greater 
than that of fresh; and, therefore, it Imoys up the 
swimmer better. 

88S Why do persons sink in water when they are unskilful swimmers f 

Because they struggle to keep their head out of water. 

386 Ibplain how this is f 

Wlien our head is thrown back boldly into the water, 
our mouth is kept above the surface^ and we are able 
to breathe ; but when the head is kept aho^e the sur- 
face of the water, the chin and mouth sink heneath it, 
and the swimmer is suffocated. 

Tliis may be Clustrated thus : — ^If a piece of wood be of such specific 
gravity that only two square inches can float out of water, it is manifest, 
that if two other inches are raised out, the two former inches must be 
plunged iih. The body (in floating) resembles tliis piece of wood. If 
two square inches of our /ace float out of the water, we can breatlie; but 
if part of the boj^k and crovm o( the head are raised above the water, the 
lower part of the face will be depressed beneath it 

387 Why can quadrupeds swim more easily than man f 

1. Because the trunk of quadrupeds is lighter than 
water, and this is the greater part of them ; and 

2. The position of a beast (when swimming) is a n>ar 
tural one. 

888 Why is it more difficuUfor a man to swim thanfbr a beast f 

1. Because his body is more heavy in proportion 
than that of a beast ; and 
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2. The position and muscular action of a man (wlien 
swimming) differ greatly from his ordinary habits ; but 
beasts swim in their ordinary position. 

389 Why can fat mm swim more easUy IMn spare men f 

Because fat is lighter than water ; and the fatter a 
man is, the more Imoyant will he be. 

39Q How are fishes able to ascend to Ihe surface of water f 

^ Fishes have an air-bladder near the abdomem ; when 
this air-vessel is distended, the fish increases in size 
and (being lighter) ascends through the water to its 
surface. 

SOI Bow are fishes able to dive in a minute to the bottom of a stream t 

They compress the air in their air-bladder ; in conse- 
quence of which their size is diminishedj and they sink 
instantly. 

802 Why does the body of a drowned person rise and floai upon the 
surface several days after deoHi t 

Because, from the accumulation of gas within the 
body (caused bv incipient putrefaction), the body be- 
comes speqifically lighter than water, and rises and 
floats upon the surface. 

S93 Eow are life-boais joreverUed from sinking t •>.. 

Tliey contain in their sides air-tight cells^ or boxes 
filled wath air, which by their buoyancy prevent the 
boat from sinking even when it is filled with water. 

304 TTie slaves of the West Indies have apian of stealing rum from a 
cask, by inserting the long neck of a bottle^ fuU of water^ through the bwng, 
How are they enabled in this manner to obtain ffie rum t 

Tlie rum is very much lighter than the water / and 
as the hea/vy water falls out of the bottle into-the cask^ 
the lighter rum rises to take its place. 

805 Why does cream rise upon milk t 

Because it is composed of particles of oily or fatty 
matter, which are lighter than tlie watery particles of 
the milk. 

3G6 Why do stale eggs floai upon water? 

Because, by. keeping, air is substituted for a portion 
of the water of the egg, which escapes. 
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307 Why does not a vessel coneinuUed of iron sinkj as the vii^ is much 
heavier than the waier f 

Because the vessel is constimcted in a concame forai, 
and is thus rendered buoyant. Every substance be- 
comes lighter in water, in proportion to the amount qf 
waier dt^laced, Tliis is a law of nature-: if it dis- 
places less water than its weight in air, it sinks ; if 
more, it floats. The ship, being concave, displaces a 
greater weight of water tnan the weight of the iron of 
which it is composed in the air. 

A thick piece of iron, weighing half an ounce, loses in water nearly 
one-eighth of its weight ; but if it is hammered out into a plate or vessel, 
of such a size that it occupies eight times as much space as before, it then 
loses its whole weight in water, and will float, sinking just to the brim. 
If made twice as large, it will displace one ounce of water, consequently, 
twice its own weight ; it will then sink to the middle, and can be loaded 
with half an ounce weight before sinking entirely. 

398 Why are stones^ gravely and sand so eoMly moved by waves and 
currents t 

Because the moving water has only to overcome 
about half the weight of the stone. 

899 Why can a stone which^ on landj requires the strength of two men 
toUfi itf be UfUd and carried in water by one man f 

Because the water holds up the stone with a force 
«qual to the weight of the volume of water it displaces. 



CHAPTER III. 

CAPILLARY ATTEACnON. 

400 Why does water meU salt t 

Because very minute particles of water insinuate 
themselves into the pores of the salt by capiZla/ry at- 
tradition, and force the crystals apart from each otner. 

401 Why does water meU sugar? 

^ Because very minute particles of water insinuate 
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themselvcB into the pores of the sugar by capUla/ns 
atiractwn, and force the crystals apart from each 
other. 

403 What is capiOary aliractim t 
Tlie power wliich very minute 
tnbea poseesB of canBing liquid to 
rise in them above its level. 

" Oapmary" iroai the Latin word, "capil' 
laris" (Uke a hair) ; the tubes referred to are 
almost as fiaa aad delicate aa a hair. Water 
ascends through a lump of sugar or pieue of 
aponge, bj capillarj attraction. 

H. B. The smaller the tube, the higher will 
the liquid be attracted by it Fig. 18 iUus- 
fig. IS. tratea the manner in which water will rise ia 

tabes of diCTerent diuueteiB. 

403 Why ti vegetaivm on the margin of a river 7nor« bixariant lluat 
in an openjieldt 

EecauBe the porous earth on the bank draws wp wa- 
ter to the roota of tlie plants by capiUary attraction. 

404 Why do perions who water plarUi very ojlen pottr the tDoter into 
the saucer, and not over Oie plants f 

^Because the water in the saucer is drawn up by the 
mould (through the hole at the bottom of the flower- 
pot), and is transferred to the stem and leaves of the 
plant by capillary attractvm. 

40B Why is ooUonbeel adapted for lamp^nvHctf 

Because the arrangement of the fibres of the cotton- 
wick is such, that the whole forms a iundle <^ minute 
tvhes, in which the oil ascends and supplies the flame 
by capillary attraction. 

403 Why does i!otting-pap«r ahaoriiiikf 

The ink is drawn up between the minute fhrea of 
the paper by ca/pillary atira/:tion. 

407 Why totS not tiiriting w fized paper abeorh ink t 
Because the sizing, being a species of glue into 

which writing papers are dipped, j4Ks up the little in- 
terstices or yiaces between the jibree, and in this way 
prevents all capillary attraction. 

408 Hom does a sponga absorb violet t 
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The vares of the sponge constitute ininute tvhea in 
which the water rises by capillary attraction. 

^09 Why does dry woodj immersed in water, swell f 

Because the water enters the pores of wood by capil- 
lary attraction, and forces the particles further apart 
from each other.- 

410 Why does sugar or saU give a flavor to water f 

/ Because the sugar or salt (being separated into very 
minute particles) floats about the water, and mixes 
with it intimately. 

411 Why does hot waJter dissolve sugar and saU more readily than cold 
waierf 

Because the heat of the water assists its solvent ac- 
tion^ and opens for the water a passage through tlie 
particles of the substance. 



CHAPTEE IV. 

THE GENEBAL PBOPEBTIES OF AEBIFOBM OB GASEOUS 

BODIES. 

412 What is the difference between a liquid and a gas f 

The distinction between liquids and those more elas- 
tic fluids which we term air, gas, vapor, steam, etc., 
depends principally on heat and pressure. Thus, wa- 
ter, according to the addition or subtraction of heat, 
may exist as a solid, ice ; as a liquid, water ; or as a 
vapor, steam. 

413 Under what pressure of (he atmosphere is water converted into 
steam? 

Under the ordinary pressure of the atmosphere, wa- 
ter is converted into steam at 212 degrees, Fahrenheit's 
thermometer ; if this pressure is increased, it requires 
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a proportionably higher temperature ; if this pressure 
is diminished, tlie amount of heat required is propor- 
tionably less. 

414: How many kinds of aeriform or gaseous "bodies exist in nature t 

Tliose which, under common circumstances of tem- 
perature and pressure^ are always in a gaseous state, 
as common air ; and those w^hich become gases chiefly 
ai, high temperature^ as steam, or vapor of water. 

4L1S Are ail gases invisible or colorless like aimospheric air t 

Some gases possess color, but the greater number 
are colorless and invisible. 

4L16 Of what is atmospheric air composed f 

Principally of two gases, oxygen and nitrogen^ mixed 
together in the following proportion : viz. one volume 
of oxygen to four of nitrogen. 

It must not be forgotten that the air contains small quantities of other 
gaseous substances also, as vapor of water ^ carbonic add, and amm,onia» 

417 Do (he particles of which atmospheric air and other gaseous bodies 
are composed, appear to have any cohesion between Viemsehes t 

The ultimate particles of which air and other gases 
are composed appear to be destitute of cohesion ; hence 
air has a disposition not only to sink down and spread 
out laterally, like liquids when unconfined, but also to 
expand and rise upwards. 

418 Is (he air porous t 

Yes ; in a very high degree. 

410 How do we know this fact f 

Because air readily yields to pressure, and a great 
bulk of it may be forced to occupy a very small space. 

4130 Is air also impenetrable t 

Yes ; beyond a certain limit it cannot be compressed. 

4S1 Edw much lighter is steam Vian ordinary air t 

Steam has but little more than /lalf the weight of 
atmospheric air / and hence it rises and floats in the 
air as a cork rises and floats in water. 
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CHAPTER V. 

THE ATMOSPHERE,. 

422 W?iat do we understand by the atmosphere f 

The thin transparent fluid which suri^ounds the earth 
to a considerable height above its surface, and whicli, 
by its peculiar constitution, supports animal life by 
respiration, and is also necessaiy for the due exercise 
of the vegetable functions. 

423 Is the atmosphere invisible f 

It is generally, but erroneously, so regarded, TA^ 
atmoaphere is not invisible. 

424 ffow can you prove i^iat the atmosphere is not invisible t 

Because when we look upwards into the firmament on 
a clear day, the space appeal's of cm azure or dear color. 

This color belongs not to anything which occupies the space in which 
the stars or other celestial objects are placed, but to the mass of air 
through which the bodies are seen. 

426 Why do distant Tnountains appear blue f 

Not because it is their color, but because it is the 
color of the air through which they are seen. 

42e Eds air weight f 

It has / as well as lead, stone, or any other material 
substance. 

427 How can fids be readily proved f 

By weighing a vessel filled with air, and the same 
v^essel after the air has been exhausted from it. 

428 Can Vie existence of air be known by the sense of touch or feeling f 

It can ; since it opposes resistance when acted upon^ 
and strikes with a force proportionate to the speed of 
its motion. 

42& Why do we always feel a breeze on the deck of a steamboat in 
motion, even upon the calmest day f 

Because our bodies forcibly disjiktce the air as we 
are carried through it. 

4 
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430 How are waves of the ocean produced f 

By the force of tJie air in motion^ or wind Btriking 
upon the Biuface of the water. 

^31 CbM a bird fl>j in a space devoid of air, even if it could exist 
wiifunU respiration f 

It could not / as the bird rises simply by the resist- 
ance of the particles of air to the beating of its wings. 

^32 How do we know that air is elastic t 

Because a volume of compressed air, the pressure 
being removed, immediately restores itself to its origi- 
nal bulk. 

^33 When is air said to be rarefied f 

When a given quantity of air is caused to expand 
and occupy a greater space, it is said to be rarefied. 

When a part of the air inclosed in any vessel is withdrawn, that which 
remains, expanding by its elastic property, always tills the dimensions of 
the vessel as completely as before. If nine-tenths were withdrawn, the 
remaining one-tenth would occupy the same space that the whole did 
formerly. 

4^4 WJuU is (he height of the atmosphere above the swface of ^ emrOi f 

It is supposed to be about 45 tniles f the zone or shell 
of air which surrounds the earth to the height of nearly 
21 miles from its surface, contains on^alf of the 
atmosphere ; and the remaining half being relieved of 
this superincumbent pressure, expands into another 
zone or belt of the thickness of 41 or 42 miles. 

Some authorities suppose this last zone to have a much greater area. 
<L36 What is the weight of air compared with fhat of water t 

Water is about 840 times the weight of air, taken 
hulk for hdh 

^36 What is the estimated weight of (he whole atmosphere enveloping 
(he globe t 

To the weight of a globe of lead sixty miles in dior- 
meter. 

463*7 As air has weighty and as the mass of it extends at hast 46 vnHea 
above Vie earOCs surface^ what amount of pressure does it exert f 

At the level of the ocean the atmosphere exerts a 
pressure of about 15 jnnmds for every square inch of 
surface. 
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4b38 7/" the air toere condensed^ so as to occupy no more space ifian the 
same weigfU of watery io how grtoA an elevation aJbove the earth would U 
extend? 

To an elevation of thirty-four feet 

^30 In wJiat direction is the pressure of tJte atmosphere exerted f 

It is the nature of a fluid to transmit pressure in every 
direction equally / therefore the air presses upwards^ 
downwards^ lateraUy^ and obliquely^ with the same 
force. 

440 How ffreai a pressure is exerted hy the air upon the body of a 
man or animal having a swtface of 2000 square inches f 

Not less than SOfiOO j>ound8j or about 15 tons, 

441. Why is not the individual crushed beTieath ao enormous a load? 

Because the atmosphere presses equaUy in all direc- 
tions^ and our hodies a/re iuled with liquids capable of 
sustaining pressure, or with air of the same -density as 
the external air ; so that the external pressure is met 
and counteracted by the internal resistance. 

442 What would he the effect upon a man or animai if at once 
relieved of all atmospheric pressure t 

All the blood and Jhtids of the body would be forced 
hy esepansion to the su/rfaoe^ and the animal would burst 

443 WhoX do we mean by a vacuum t 

A space devoid of all matter; in general, we mean 
by a vacuum, a space devoid of air. 

444 Can a perfect vacuum he produced artificially f 

No ; but confined spaces may be deprived of air 
suflSciently for all experimental or practical purposes. 

446 Are there any instances of a vacuum in naiuret 

There is no positive certainty that the spaces which 
exist between the various planets and other hea- 
venly bodies^ are occupied with any material sub- 
stance. 

445 Is the existence of air necessary to the production of sound t 

It is; in a va^cuum there can be no sound ; and on 
the top of high mountains, where the air is greatly 
rarefied, as on Mont Blanc, the report of a pistol can 
hardly be heard. 
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4<47 Why is it often pair^ful and dijfiadt to breathe on a mountain-top f 

Because, owing to the extreme rarity of the air on 
the top of the mountain, a person, although expanding 
his chest as much jis usual, really takes in only half 
as much air as he does when at the foot of the moun- 
tain. 



If the Ups be applied to the back of the hand, and (he breath drawn 
in 80 aa to produce a partial vacuum in the mouthy why will the akin be 
drawn or sucked in t 

Not from any force resident in the lips or the mouth 
drawing the skin in, but from the fact that the usual 
extemsu pressure of air is removed, and that the pres- 
sure from within the skin is suffered to prevail. 

4<4d Bum is a boy enabled to lift a stone by means of the common 
auckerf 

The sucker consists of a disk of moistened leather, 
with a string by which it may be suspended with any 
weight attaclied to it. If its smooth moist surface be 
pressed so closely against the flat side of a stone or 
other body that the air cannot enter between them, the 
weight of the atmosphere pressing upon the upper sur- 
face of the leather makes it adhere so strongly, that a 
stone of weight proportioned to the extent of the disk 
of leather may be raised by lifting the string. 

460 How are flies and other small insects enabled to wcdk on ceilings 
and surfaces presented downwardSj or upon smooth panes of glass in an 
upright position t 

Their feet are formed in such a manner that they 
act as small air-pumps or suckers, excluding the air 
between them and the surface with which they are in 
contact ; and the atmospheric pressure keeps the animal 
in position. 

451 Why in breaJthing do we first draw in the breathy as it is termed t 

Because by so doing we make an enlarged space in 
the chest, ana the pressure of the eostemal atmosphere 
forces the air in to fill it. 

The air enters the lungs, not because they draw it in, but by the weight 
of the atmosphere forcing it into an empty space. 

4S23 How is the air caused to escape from the lungs f 

Simply by means of its elasticity ; the lungs by 
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muscular action compress the air contained in them, 
and give to it by compression a greater elasticity than 
tlie air without. By the excess of the elasticity it is 
propelled, and escapes by the mouth and nose. 

463 Why does a bottle or jug gurgle when liquid is Jredy poured 
from itt 

On account of the pressure of the atmosphere forcing 
air into the interior of the bottle. In the lirst instance, 
the neck of the bottle is filled with liquid, so as to stop 
the admission of air. When a part has flowed out, and 
an empty space is foiined witliin the bottle, the atmo- 
spheric pressure forces in a bubble of air through the 
liquid in the neck, which, by rushing suddenly into the 
interior of the bottle, produces the sound. 

464: Biow long toill a bottle anUinue to gwgle t 

So long as the neck continues to he choked with liquid. 
But as the contents of the bottle are discharged, the 
liquid, in flowing out, only partially fills the neck ; and, 
while a stream passes out through the lower half of the 
neck, a stream of air passes in through the upper part. 
The flow being now continued and uninterruptea, no 
sound takes place. 

466 Does air exist in water f 

Water, and most liquids exposed to the air, absorb a 
greater or less qita/ntity^ which is maintained In tliem by 
tlie pressure of the atmosphere acting on the sOrface. 

46G Why is boiled water flat arid insipid t 

Because the agency of the hea/t expels the nir which 
the water previously contained. 

467 CovJd fishes and other marine animals live in waier deprived of 
airf 

They couid not^ as they breathe the air contained in 
the water. 



Why do ale, porter^ and cider froth, and champagne sparkle^ when 
uncorked and poured into an open vessel t 

When these liquors are bottled, the air confined 
under the cork is condensed^ and exerts upon the sur- 
face a pressure greater than that of tlie atmosphere. 
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This has the effect of holding, in combination with the 
liquor, air or gas which, under the atmospheric pressure 
only, would escape. K any air or gas rise frorn the 
liquor after being bottled, it causes a still greater con- 
densation, and an increased pressure above its surface. 
When the cork is drawn fix)m a bottle containing liquor 
of this kind, the air fixed in the liquid, being released 
from the pressure of the air which was condensed under 
the cork, instantly makes its escape, and, rising in 
bubbles, produces effervescence and fi-oth. 

460 Why do hoUks containing ak, cider, porter, dx^ frequently 
burst t 

It 18 the nature of these liquids to produce gas or air 
in considerable quantities, the elastic force of which 
sometimes becomes greater than the cohesive strength 
of the particles of matter composing the bottle, which 
then necessarily gives way, or burets. 

4:SO Why does one kind of liquor froth, and another kind only sparkle f 

Tliose liquors only which are viscid^ glutinous^ or 
thick^ frothy because they retain the little bubbles of 
air as they rise ; while a thin liquor, like champagne, 
suffers the bubbles to escape readily. 



CHAPTEE VI. 

ATMOSPHERICAL PHENOMENA. 

What designation do we give to thai department of science which 
treats of the various pheno7nena of Vie aiinospheref 

Meteorology. 

46S How is the air heaiedf 

In two ways ; either by the rays of the sun passing 
through it, or by the heat comnmnicated to it by tlie 
earth. 
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Air, how heated and cooled. Origin of winds. 

463 In what manner is ike air hecUed by (he earth t 

The sun heats the earthy and the earth heats the air 
resting upon it / the air thus heated rises^ and is suc- 
ceeded by other avr^ which is heated in a similar way, 
till the wnole volume is wa/rmed. 



How is (he air made ooJdf 

The air resting on the earth is made cold by corUacft ; 
this cold air makes the air abaoe it cold ; and cold cur- 
rents (or winds) cause the whole to mix together, until 
all becomes of one temperature. 

465 What effect is produced upon air by cold f 

It is condensed or compacted into a smaller compass ; 
in consequence of which it becomes hea^iery and de- 
scends towards the ground. 

466 Prove GuU the air is condensed by cold. 

Lay a bladder half full of air before a fire, till it has 
become inflated : if it be now removed from the fire, 
the bladder will collapse again, because the air con- 
denses into its former bulk. 

467 WhaX effects has heait upon air t 

Heat ra/refies or makes it lighter ; that is, a quantity 
of air heated will occupy more space than the same 
quantity which has been cooled. 

468 What is wind? 

Wind is airjmt in motion, 

460 What occasions those movements of the air which we caU windf 

The principal cause is the variation of temperoiture 
produced by the alternation of day and night and the 
succession of the seasons. 

4*70 How can winds origincUe through variations of temperature f j 

When through the agency of the sun a particular 
portion of the earth's surface is heated to a greater 
degree than the remainder, the air resting upon it 
becomes rarefied and ascends^ while a current of cold 
air rushes in to supply the vacancy. Two currents, the 
one of warm air flowing out, and the other of cold air 
flowing in, are thus continually produced; and to these 
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movements of the atmosphere we apply the designation 
of wind, 

^"71. Does {he tPtnd always blow t 

Yes ; there is always some motion in the air ; but the 
violence of the motion is perpetually varying. 

47i3 Does (he rotaiisn of the earth upon its axis affect the motion of 
the air t 

I Yes, in two ways: 1. As the earth moves round its 
axis, the thin movable air is letlt somewhat behind^ and 
therefore seems (to a stationary object) to be blowing 
in the opposite direction to the earth's motion; and 

2. As the earth revolves, different portions of its sur- 
face are continually passing under the vertical rays of 
the sun. 

4b 73 When are (he rays of {he sun caUed vertical rays t 

When the sun is in a direct line above any place, his 
rays are said to be " vertical " to that place. 

<L74: WJien (he stm is vertical, or nearly over head ai any place, what 
Hme of day is Uai that place f 

Noon. 

476 Bow does a change in (he heai of air prodttce mndf 

The air always seeks to preserve an equilibrium / so 
cold air rushes into the void made by the upward cur- 
rent of warm air. 

476 Why does not (he wind always blow one way, foUomng the direc" 
Hon of the sun f 

Because the direction of the wind is subject to per- 
petual inteiTuption from hiUs and valleys^ deserts^ 
seas^ &c. 

477 How can hiUs or mountains affect or change the direction and course 
of the wind? 

If a current of air, blowing from a particular direc- 
tion, strike against the side of a mountain, it will neces- 
sarily be defected from> a straight line^ and must either 
ascend the mountain, turn back, or assume a lateral 
direction. 

478 Why are those unnds which How over large continents or tracts 
of land generally dry t 
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Because in their passage they absorb Y&rj little water ^ 
as they do not blow over large oceans. 

4:70 Why do our hands and lips chap in frosty and windy weather t 

Because a cold, dry wind absorbs moisture from the 
surface of the skin ; and this action, in turn, causes the 
skin to crack and inflame. 

4:80 Would the wind blow regularly from east to west if off obstructions 
were removed t 

Without doubt. If the whole earth were covered 
with water^ the winds would always /allow the 8%m^ 
and blow unilbrmly in one direction. 

481. Bo winds ever blow regularly t 

Yes, in those parts of the world which present a 
large surface of water, as in the Atlantic and Pacific 
Oceans. . 

482 With whai velocity do winds move t 

Every graduation exists in the speed of winds, from 
the mildest zephyr to the most violent hurricane. 

483 Wiih whai velocity does a wind which is hardly perceptible move T 

With a velocity of about one mile per hour, and 
with a perpendicular force on one square foot of '005 
lbs. avoirdupois. 

484 Jn a gentle wind, whai is the velocUy and estimated pressure f 

From four tojhe miles per hour, and a force of '079 
to 123 lbs.* 

485 In a very brisk mnd, what is ihe velocity and pressure t 

From twenty to injoefdy-ji/ve miles per hour / force 1'9 
to 3-07 lbs. 

486 Whai is the vdocUy and pressure of the wind in a siorm t 

From ^ty to sixty miles per hour, with a pressure 
of 7 to 12 lbs. 

48*7 In a hurricane^ whai is the estimated velocity and pressure t 

From eighty to one hundred myites per hour, with a 
varying force of 31 to 50 lbs. 

♦ In these estimates the pressure is computed per square foot m 
pounds avoirdupoi& 

4* 
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Why do we sometimes see clouds ai one elevation moving in me 
direction, and at another ekvaUor^ at the same time, others moving in a 
contrai'y direction t 

Because different cwrrenU of air exist at different 
el^ations^ moving in different directions, with different 
velocities. 

In 1839, an English aeronaut, at the height of 14,000 feet, encountered 
a current that bore him along at the rate of live miles per hour ; but, 
upon descending to the altitude of 12,000 feet, he met with a contrary 
wind, blowing with a velocity of eighty miles per hour. 



How is die force of the wind ascertained t 

By observiug the amount of pressure that it exerts 
upon a given plane surface perpendicular to its own 
direction. 

If the pressure plate acts freely upon spiral springs, the power of the 
wind is denoted by the extent of their compression, and that weight will 
be a measure t)f their force, the same as in weighing by the ordinary 
spring-balance. 

4:90 W hat is an instrument for measuring Hie force of the wind caUed t 

An Anemometer. 

491 Wliat are the constant winds which blow over the Atlantic and 
Pacific Oceans caJUedf 

Tliey are called " trade-winds^ 

4L923 Why are they called trade-winds t 

Because they are very convenient to navigators who 
have to cross the ocean, inasmuch as they always blovy 
in on^ direction, 

493 In what direction do the trade-winds blow f 

That in the northern hemisphepe blows from the 
north-east ; that in the southern hemisphere from the 
south-east. 

4:94 Do irade-winds blow from Vie northeast and south-east aU the 
year round t 

Yes, in the open sea; that is in the Atlantic and 
Pacific oceans, for about 25° each side of the equator. 

4L9S Where do (he trade-winds Mow with uniform force and constancy t 

In many parts of the Pacific embraced within the 
region of the trade-winds, a vessel may sail for a week 
without altering the position of a sail or rope.- 
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4QQ Why does a sea breeze feci cool t 

Because the sun cannot make the surface of tlie sea 
80 hot as the land; therefore the air which blows from 
the sea is cooler than the air of tJte land. 

4:97 Why is there generally a fresh breeze from the sea during iha 
sumTner and autumn warnings t 

Because land is more heated hy tJie sun than the sea 
is ; and the land air becomes hotter than that over the 
sea; in consequence of which the cooler sea air glides 
inland to restore the equilibrium. 

^98 Why are the west winds in (he Atlantic States generally dryt 

Because they come over large tracts of land, and 
therefore absorb very little water ; and beinff thirsty, 
tliev readily imbibe moisture from the air ana clouds, 
and therefore hrin^ dry weather. 

499 Why is (he north wind generally cold t 

Because it comes from the polar regions^ over moun- 
tains of snow and seas of ice. 

600 Why are nor(h winds generally dry f 

Because they come from colder regions, and being 
warmed by the heat of our climate, absorb moisture 
from everything they touch ; in consequence of which 
they are generally dry. 

601 Why are souffi winds generally warm t 

Because they come over countries warmer than om* 
own, where they are much heated. 

602 Why are winds which blow over a vast body ofwakr generally rainy t 

Because thev come laden with vapor : \i^ therefore, 
they meet with the least ehiU, some or the vapor is 
deposited as rain. 

603 Why is (here often an evening breeze during 1he')smnmer months f 

Because the earth radiates heat at sunset, and the 
air is rapidly Uooled down by contact ; this conden- 
sation causes a motion in the air, called the evening 
breeze. 

604L Why do south winds oftten bring rain t 

Because, coming from the tondd zone, they are much 
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heated^ and ahsoi'h water very plentifully as they pass 
over the ocean. 

006 How does this account for ^ rainy character o/sotUh winds t 

As soon as they reach a cold climate they become 
chilled, and can no longer hold all their vapor in sus- 
pension; in consequence of which some of it is deposited 
as rain. 

/ 606 Why are dry winds in the spring months desirable and advart- 
iageousfor a^gricuUurcU operations f 

They dry the soil saturated with the moisture of 
winter, hredk up the heavy clodsy and fit the land for 
the seed committed to it. 

e07 Why is a fine clear day sometimes overcast in afeio minutes t 

Because some sudden change of temperature has 
condensed the vapor of the air into clouds. 

608 Why are cUmds sometimes dissipated very suddenly t 

Because some dry wind (blowing over the clouds) 
iinhihes their moisture^ and carries it off in invisible 
vapor. 

600 Why does wind sometimes bring rain, and sometimes fine weather t 

If the wind be colder than the clouds^ it will condense 
their vapor into rai^i / but if the wind is warmer than 
the cloudSy it will dissolve them and cause them to dis- 
appear. 

610 W?iai is a hurricane t 

The hurricane is a remarJcahle storm wind^ peculiar 
to certain portions of the world. It rarely takes its 
rise beyond the tropics, and it is the only storm to 
dread within the region of the trade-winds. 

611 How are hurricanes especially distinguished fi'om other kinds of 
tempests t 

By their extent, irresistible power, and the sudden 
changes that occur in the direction of tlie wind. 

61J2 Do any particular portions of the tropics appear to be especiaUy 
visited with hurricanes f 

In the northern hemisphere, tlie hun-icane most fre- 
quently occure in the regions of the West Indies ; in 
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the southern hemisphere, it occurs in the neighborhood 
of the Jifauritiics. 

613 Do the hurriamea occur ai pariictjUar seasons t 

The West Indian occur from August to October / the 
Mauritian from Fehruary to Ajyril. 

6X4 Whet have recent investigations shown the hurricanes tohef 

Mctensive storms of windj which revolve round an 
axis either upright or inclined to the horizon ; wliile 
at tlie same time the body of the storm has a j^ogres- 
sive motion over the surface of the ocean. 

61G lUusirate more clearly the manner in which a hurricane moves t 

It is the nature of a liurricane to travel round and 
rovmd as well as forward^ much as a corkscrew tra- 
vels through a cork, only the circles are all^^, and de- 
scribed by a rotatory wind upon the surface of the water. 

616 In what direction would a ship revolving in the circles 8/ a hurri- 
cane find the windt 

As the ship revolved, she would in turn find the 
wind blowing from every point of the compass. 

617 What is kriown concerning the distance travelled by hurricanes f 

Tlie distance traversed by these terrible tempests is 
immense. The great gale of August, 1830, winch oc- 
curred at St. Thomas on the 12th, reached the Banks 
of Newfoundland on the 19th, having travelled more 
than three thousand nautical miles in seven days / the 
track of the Cuba hurricane of 1844 was but little infe- 
rior in length. 

618 What is known of (heir progressive and rotary velocity t 

Tlieir progressive velocity is from seventeen to forty 
m^iZesper hour j but distinct from ihQ progressive velo- 
city is the rotary, which increases from the exterior 
boundary to the centre of the storm, near which point 
the force of the tempest is greatest, the wind sometimes 
blowing at the rate of one hundred miles per hour. 

613 How great is the breadth of the hurricane t 

The surface simultaneously swept by these tremen- 
dous whirlwinds is a vast circle varying from one hun- 
dred to Jive hundred miles in diameter. 
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6SO Bow great is the surface over which (key prevail t 

Mr. Redfield, of New York, has estimated the great 
Cuba hurricape of 1844 to have been not less than 
eiaht hundred mil^ in breadth, and the area over 
which it prevailed during its whole length was com- 
puted to be two million four hundred tlwusand square 
miles — an extent of surface equal to two-thirds of that 
of all Europe. 

CSSl What curious fcLct have mariners noticed when in (he cenire or 
vortex of ike hurricane t 

An awful calm prevails, described as the luU of the 
tempest, in which it seems to have rested onljr to 
gather strength for greater efforts. 

655 In wJiai respect does a tornado differ from a hurricane, t 

Tornadoes may be regarded as hurricanes, differing 
chiefly.in respect to their continicance and extent. 

623 How Jong do they usuaMy last f 

From fifteen to seventy seconds. 

f5J34: Wkat is ik&ir extentl 

Their breadth varies from 2ifew rods to several hun- 
dred yards^ and the length ot their course rarely ex- 
ceeds twenty whiles. 

656 Wkai pTienomena generaUy attend them t 

The tornado is generally ©r^c^^ hy a calm and 
sultry state of the atmospKere^ when suddenly the 
whirlwind SL^^ears^ prostrating everything before it. 
Tornadoes are usually accompanied with thunder and 
lightning, and sometimes showers of hail. 

G26 What is supposed to be (he origin of tornadoes f 

They are supposed to be generally produced by the 
lateral action of an opposing wind, or the influence of 
a brisk gale upon a portion of the atmosphere in repOse. 

eST Bow are the eddies or whirlpools produced which occur in waier, 
and wkick in Iheir formation, resemble some tornadoes t 

Eddies or whirlpools are most frequently formed in 
water when two strea/ms flowing unequally meet. Tliey 
may be seen at the junction of two broolo3 or rivers. 
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&Q& Bow are the whirlwinds which we frequently see at Vie comers of 
streets in cities produced t 

They are caused by a ffust of wind sweeping round 
a comer of a building, and striking the cahn air be- 
yond it. 

6SG WhatisawaterspoiUt 

A waterspout is a whirlwind over the sufface of 
water^ and aiflfers from a whirlwind on land in the fact 
that water is subjected to the action of the wind, mstead 
of objects on the surface of the earth. 

630 Why does wind generally fed cold t 

Because a constcmtly-changing sti/rfaoe comes in con- 
tact with our body to draw off its heat. 

631 What are the ejects of wind noticed in the Arctic regions f 

Arctic explorers inform us that in those regions, when 
the thermometer ranges from 40° to 60° below zeix), 
the cold of the external air is easily endurable^ provided 
the air is ealm and the individual exercises freely / but 
if a wind arises at this temperature, the severity of the 
cold becomes too great for hurna/n, endurance. 

6323 If (he winds should cease to blow over the ocean^ what would he the 
effect f 

The water would undoubtedly become stagnant 
Tempests and hurricanes also exercise a beneficial effect 
by agitating and purifying the atmosphere, and sweep- 
ing from it the seeds of pestilence and contagion. 

633 What are clouds f 

Moisture evaporated from, the earthy and again par- 
tially condensed in the upper regions of the air. 

634 What is the difference between a fog and a doud t 

Clouds and fogs differ only in one respect. Clouds 
are devoted abaoe our heads^ but fogs come in contact 
with the surface of the earth, 

636 Why are clouds higher on a fine day f 

Because they are lighter and m,ore buoyant, 

636 Why are clouds lighter on afme day f 

1. Because the vapor of the clouds is less condensed; 
and 
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2. The air itself (on a fine day) retains much of its 
vapor in an invisible form. 

637 Why do chads jUmi so readily in ike air f 

Because they are composed of very minute aldbvlea 
(called vesicles), which (being lighter than air) float 
like soapivhhles. ' 

638 Are aU clouds (dike t 

No ; they vary greatly in density, heighty and color. 

633 What is the chief cause of fog and clouds t 

During the daily process of evaporation from the 
surface of the earth, warm, humid currents of air are 
continually ascending j the higher they ascend, the 
colder is the atmosphere into which they enter ; and, as 
they continue to rise, a point will at length be attained 
where, in union with the colder air, their original 
humidity can no longer be retained : a cloud will then 
appear, which increases in bulk with the upward pro- 
gress of the current into colder regions. 

640 How do changes in die wind produce clouds t 

If a cold current of wind blows suddenly over any 
region, it condenses the invisible vapor of the air into 
cloud or rain: but if a warm current of wind blows 
over any region, it disjperses the clouds by absorbing 
their vapor, 

641 What distance are the clouds from the earth f 

Some thin, light clouds are elevated above the high- 
est mountain-top ; some heavy ones touch the steeples, 
trees, and even the earth ; but the average height is 
between one and two miles. 

Streaky, curling clouds, like hair, are often five or six miles high. 

• 

642 WhaJt is the size of the clouds f 

Some clouds are many square m^iZes in surfa^, and 
above a mile in thickness / while others are only Sifew 
yards or inches, 

643 How can persons ascertain the thickness of a cloud t 

As the jbps of high mountains are generally above 
the clouds, travellers may pass quite through them into 
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a clear blue firmament, when the clouds will be seen 
heneath their feet. 

644 Why do ckmdSj when not continuous over the whole surface of (hs 
sky, appear jagged, rouglh, and uneven, t 

The rays of the »un^ falling upon different surfaces at 
different angles, melt away one set of elevations, and 
create another set of depressions ; the heat also which is 
liberated from below m the process of condensation, 
the currents of warm air escaping from the earth, and 
of cold air descending from above, all tend to keep the 
clouds in a state of agitation, upheaval, and depression. 
Under their various influences the masses of vapor 
composing the clouds are caused to assume all maimer 
Q^^otesque and fanciful shapes. 

v^^^64:S What effect have winds on the shape of clouds f 

Tliey sometimes absorb them entirely ; sometimes 
increase their volume and density ; and sometimes 
change the position of their parts. 

646 How can mnds absorb clouds aUogether t 

Warm^ dry mnds will convert the substance of clouds 
into invisible vapor^ which they will carry away in 
their own current. 

647 Hov) can winds increase the huOc and densUy of clouds t 

Cold currents of wind will condense the invisible 
vapor of the air, and add it to the clouds with which 
they come in contact. 

648 Why is not the color of clouds always alike t 

Because their size, density, and situation in regard to 
the sun are perpetually varying, so that sometimes one 
color is reflected and sometimes another*. 

649 Why do the clouds after sunset about the western horizon often 
exhibit a beautiful crimson appearance t 

Because the red rays, of which the sun's light is in 
part composed, are less refrangible than any of the 
other colors. In consequence of this, they are not bent 
out of their course so much as the blue and yellow rays, 
and are the last to disappear. 

jpbr the same reason they are the first to appear in 
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the morning when the sun riaes, and impart to the 
rrwrning clouds red or crimson, colors. 



Let U9 Hupposo, as in fig. 19, a my of liglif, proceeding from tho nun, S, 
to enter tlm earth's atrnospliere at tlie point P. Tlie red rays, wliicli 
compose in part the solar beam, being the least refrangible, or the least 
deviated from their course, will reach tlie eye of a ^wctator at tlie point 
A ; wliile the yellow and blue rays, l>eiu|]: refracted to a greater degree, 
will reach the surface of the earth at the iutcrmediaCs points B and C. 
Tiiey will, oonaequently, be quite InviBible from the point A. 

COO Whai It mtant by bfing " Uat refrangible t" 

Being leas able to he hent. Blue and yellow rays are 

more easily bent hdow the horison through the action 

of the atmosphere, hnt red rays are not bo much hent 

down, and therefore we see them later in the evening. 

BSl Whaiiseacaaseofaredmmaetl 

Tlie vapor of the air not being actually condensed 
into clouds, but only on the point of being cond<;n3ed. 

In the same manner, if light be transmitted through gleam minprled 
with air, end therefore on the verge of condensation, it assume!! a deep 
orange or red color, 

6Sa Why is a Ted ond hwering sky id sanrige an rndkaUon of a icel 
iayt 

Tlio red Hnd lowering appearance of the moniing sky, 
which indicates foul weather, probably depends upon 
Bitch an excess of vapor being present in the whole 
atmosphere tliat clouds are actually formijig in the 
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higher regions^ or upon the point of condensation, which 
the rising sun cannot disperse. 

Hpnce our Lord's observation — " In the morning ye say, It will be foul 
weather to-day, for the sky is red and lowering." (Matt xvi. 3.) 

663 Which is the most transparent^ dry or moist air t 

Air tnoderately moist is more transparent than verjr 
dry air. 

664 What is (he cause of the haziness of the atmosphere during thai 
portion of the autumn known as the ^^ Indian Summer t " 

It is undoubtedly due to several causes ; partially to 
an excessive dryness of the atmosphere, and, in some 
degree, to the prevalence of smoke in the air arising 
from burning forests. But it is also a fact, ascertained 
within a. few years, that the constitution of the atmo- 
sphere is changed in the autumn, and that solar light 
at that season has less chemical influence than at any 
other portion of the year. 

666 Why does the sun seen through a fog appear red t 

Because the red rays of light have a greater power \o 
pass through a thick^ dense atmosphere than any of the 
other colored rays. 

666 Why does vapor soTneiimes form into cloudsj and sometimes rest 
upon the earth as mist or fog t 

This depends on the temperature of the air. When 
the surface of the earth is warmer than the lower air^ 
the vapor of the earth (being condensed by the chill 
air) becomes mist or fog. But when the lower air is 
wa/rmer thorn the earthy the vapor rises through the air^ 
and becomes cloud. 

667 Why do douds often hover around mountain peaks, when the 
aimosphere elsewhere is clear and free from clouds t 

It is caused by the wind impelling up the sides of 
the mountains the warm humid air of the valleys^ 
which in its ascent gradually becomes condensed by 
the cold, and its excess of moisture becomes visible, 
and appears as a cloud. 

668 Why are windows at night often covered with thick mist, and the 
frames wei with standing water t 

Because the temperature of the external air always 
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falU at sunset, and chiU% the window-glass with which 
it comes in contact. 



llofw does this account for {he mist and water on a window f 

As tlie warm vapor of the room touches the eold, 
glass it is chilled ana condensed into mistj and the mist 
(collecting into drops) rolls down the window-frame in 
little streams of water. 

fS©0 Does the glass of a window cool doton mare rapidly than Ike air 
of the room itaelff 

Yes ; because the air is kept warm ly fires and by 
the animal heat of the people in the. room ; in conse- 

3uence of which the air of a room suffers very little 
iminution of heat from the setting of the sun. 

661 Whence arises the vapor of a romn t 

Tlie air of the room always contains vapor ; vapor 
also arises from the breath and insensible perspiration of 
the inmates, from cooking and the evaporation of water. 

665 WJiai is meant by " (he insensible perspiration f " 

From every part of the human body an insensible 
and invisible perspiration issues all night and day, not 
only in the hot weather of summer, but also in the 
coldest days of winter. 

663 J^ {he perspiration he both insensible and invisible^ how is it known 
thai (here is any such perspiration t 

If you put your naked arm into a clean^ dry glass 
tube^ the perspiration will condense on the glass like 
mist. 

664 Why is a tumbler of cold water made quite duU with mist, when 
brought into a warm room t 

Because the hot vapor of the room is condensed upon 
the cold tumbler, with which it comes in contact, and 
changes its invisible and gaseous form into that of dew. 

666 Why does breathing on a glass make it quite dull t 

Because the cold glass condenses the invisible vapor 
contained in warm breath, and converts it into dew. 

666 Why are {he walls of a house covered with damp in a sudden 
ihawt 

Because the walls (being thick) cannot change their 
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teiwperature as fast as the air ; in consequence of which 
they retain their cold after the thaw has set in. 

607 How does ^^ retaining their coW^ accou?iifor their being so wet? 

As the vapor of the warm air touches the cold walls, 
it is chilled and cond-ensed into watet\ wliich either 
sticks to the walls or trickles down in little streams. 

668 Why is our breath visible in winter, and not in summer t 

Because the intense cold condenses its moisture into 
visible vajpor^ but in surnvur* tlie air is not cold enough 
to do so. 

66G Why are our hair and the brim of our hat often covered with lit- 
Ue drops of pearly dew in winter-time t 

Secause the vapor of the breath condenses as it comes 
in contact with our cold hair or hat, and hangs there 
in little dew-drops. 

^ 670 What are fogs? 

Fogs are visible vapors that float in the atmosphere 
near the surface of the earth. 

6*71 Whai is the cause of fogs f 

They originate in the same causes as rain — the union 
of a cool body of air with one that is warm and humid ; 
when the precipitation of moisture is slight, fogs are 
produced ; when it is copious, rains are tlie result. 

6*723 What distinction is to be made between a mist and a fog f 

Mist is generally considered to be ajme rain^ while 
foff is vapor not suliiciently condensed to allow of its 
precipitation in drops. 

The tenn mist is also generally applied to vapors condensed on marshes, 
rivers, and lakes, while the name fog is often applied to vapors condensed 
on land, especially if those vapors are laden with smoke. 

6*73 Why does not the fog become dew t 

Because the chill of the air is so ra^d that vapor is 
condensed yjwfer than it can he deposited^ and covering 
the earth m a fogj prevents any further radiation oj 
heat from the eartli. * 

6*74 When the earth can no longer radiate heat upwards, does it co^ 
Unue to condense the vapor of the air f 

No; the air (in contact with the earth) becomes 
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about equal in temperature with the surface of the 
earth itself; for which reason the fog is not condensed 
into deWj but remains floating above the earth as a 
thick cloud. 

676 This fog seems to rise higher and higher^ and yet remains quite as 
dmse below aa at first : explain the cause of this t 

The air resting on the earth is first chilled, and chills 
the air resting on it / the air which touches this new 
layer of fog being also condensed, layer is added to 
layer ; and thus the fog seems to be rising^ when (in 
fact) it is only deepening. 

670 Why are there not fogs every night f 

Because the air will always hold in solution a cer- 
tain quantity of vapor (which varies according to its 
temperature) ; and, when the air is not saturatedy it 
may be cooled without parting with its vapor. 

67"7 When do fogs occur ai night f 

When the air is saturated with vapor during the 
day. When ihm is the case, it deposits some of its 
superabundant moisture in the form of dew or fog as 
soon as its capacity for holding vapor is lessened by 
the cold night. 

6*78 Why is there very often a fog over marshy and rivers ai nigla- 
timef 

Because the air of marshes, is almost always near 
saturation,' and therefore the least depression of tern- 
perai/wre will compel it to relinquish some of its moist- 
ure in the form of dew or fog. 

679 Why does vapor sometimes form into clouds, and sometimes rest 
upon the earth as mist or fog t 

This depends on the temperature of the air. Wlien 
the surface of the earth is warmer than the air, the 
vapor of the earth (being condensed by the chill air) 
becomes mist or fog. But, when the air is warmer 
than the earth, the vapor rises through tlie air, and be- 
comes cloud. 

680 If cold air produces fog, why is it not foggy on a frosty morning f 

1. Because less va^or is formed on 9^ frosty day ; 
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end 2. The vapor is frozen upon the around before it 
ean rise from the earth, and becomes Koar-frost 

68X What is rain t 

Eain is the vapor of the clouds or air cofidensed and 
precipitated to the earth. 

6823 In wJkU Tnanner is Ihe vapor of the air condensed so as to form 
rainf 

ij When two or more volumes of humid air differing 
considerably in temperature unitey the several portions 
in union are incapable of absorbing the same amount 
of moisture that each could retain if they liad not 
united. The excess of moisture, if very great, is pre- 
cipitated as rain ; if in slight amount, it appears as 
/clouds, fogs, or mists. 

I/SQ3 Upon what law does (his condensation of vapor and fbmuUian of 
rain depend t 

Upon the law that the capacity of the air for moists 
ure decreases in a greater ratio tlian the temperature. 

68^ Why does rain faH in drops t 

Because the vapory particles in their descent attract 
each other ; and tliose which are sufficiently near unite 
and form into drops. 

The size of the rain-drop is increased aooonttng to the rny«ft|r with 
which the vapors are condensed. 

686 Why does not the cold of night always emne rain t 

Because the air is not always near saturation ; and 
unless this be the case, it will be able to hold its vapor 
in solution, even aft^ it is condensed by the chilly 
night ^ . 

686 Why da€$ a passing clovd often drop rain f 

Because tfie cloud (travelling about on the wind) 
comes into contact with something that chills it/ 
sxid its vapor being condensed, falls to the earth as 
rmn. 

687 Can Ihe air eSmofh moisture at aU temperatures^ and retain it in 
an invisible state t 

It can ; and Ais power of thie air is termed its 
eapa>city of absorption. 
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How much nwisture can a vokarm of air ai 32^ F, absorb f 

An amount equal to the hundred and sixtieth part 
of its own weight. 



How does (he capacity of air for moisiure increase with the tern- 
percUure t 

For every 27 additional degrees of heat, the quantity 
of moisture it can absorb at 32** is doubled. Thus a 
body of air at 32° F. absorbs the 160th part of its own 
weight; at 59^ F. the 80th; at 86° F. the 40th; at 
113 F. the 20tli part of its own moisture. It follows 
from this that, while the temperature advances in an 
arithmetical series, the capacity is accelerated in geo- 
metrical series. 

690 In what situations is the air ahjoays saturated t 

Over the oeean and upon the adjacent coasts. 

CSQl Where is the absolute humidity of the atmosphere the greatest f 

In the tropics^ where the temperature of the air, and 
its consequent capacity for moisture, is the greatest. 

6eS3 Whaiissnowl 

Tlie condensed vapor of the air frozen and precipi- 
tated to the earth. 

6G3 What is the cause of snow f 

When the air is nearly saturated with vapor, and 
is acted on by a current of air below the freezing pointy 
some of the vapor is condensed, and frozen into snow. 

A few years ago, some fishermen (who wintered at Nova Zembla^ 
after they had been shut up in a hut for several days, opened the window^ 
and the cold external air rushing in, instantly condensed the air of the 
hut, and its vapor fell on the floor in a shower offfwm. 

694 Whai is the cause of sleet t 

"When flakes of snow (in their descent) pass through 
a bed of air above the freezing pointy tney partially 
melt, and fall to the earth as half-melted snow, or 
sleet. 

696 How does snow prove beneficial to the earth in the cold secuon t 

It keeps the surface of die earth warm^ protects vege- 
tation to a considerable extent fi-om the cold, and acts 
as Si fertilizer. 
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How snow keeps the earth warm. Why snow is white. 

SO© Does snow keep the earth warm t 

Yes, because it is a very bad conductor / in conse- 
quence of which, when the earth is covered with snow, 
its temperature very rarely descends helow the freezing 
pointy even when the air is fifteen or twenty degrees 
colder. 

SQT^ WTiy is snow a had conductor of Jicat and cold t 

Because air is confined among the crystals, and air 
is a very bad conductor ; when, therefore, the earth is 
covered with snow, it cannot throw off its heat by 
radiation. 

698 Why is (here no snow in summer-time t 

Because the heat of the air adjacent to the earth 
melts it in its descent, and prevents it from reaching 
the surface of the earth. • 

SQ© Why is snow white t 

Because it is formed of an infinite number of very 
minute crystals and prisms, which reflect all the colora 
of the rays of light from different points, and these 
colors, uniting before they meet the eye, cause snow to 
appear white. 

The same answer applies to salt, loaf-sugar, etc 

GOO XTnder what circumstances does snow fall in large flakes^ and when 
in STTwU t 

The largest flakes are formed when the air ahownda 
with vapory and the temperature is about 32° F. ; but 
as the moisture diminishes, and the cold increases, the 
snow becomes finer. 

001 ■ What is the snowflaJce composed off 

Regular and symmetrical crystals^ having a great 
diversity of forms. 

©OS Do we see the same crystals in ice T 

They exist in ice, but are so blended together that 
their symmetry is lost in the compact mass. 

G03 Itow much Tnore huOcy is snow than waier t 

The bulk of recently-fallen snow is ten or twelve times 
greater than that of the water obtained by melting it. 
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G04: Does snow ever occur of any other appearance than white t 

Yes / in the Arctic regions and on some mountains 
it is rea, and occasionally green. 

606 What is the cause of these appearances t 

These singular hues are occasioned by little micro- 
scopic plants^ which germinate and live in the snow. 
They consist of little globules from y-^-^^ of an inch to 
3tVt ^f ^^ inch. Each globule is divided into seven 
or eight cells filled with a liquid, which gives a color 
to the snow, and is sometimes green and sometimes red. 

eoe WhaiishaUf 

Rain, which has passed in its descent through some 
cold bed of air^ and has been frozen into drops of ice. 

607 Whai makes one bed of air colder than another t 

It is frequently caused by electricity unequaUy dis- 
tributed in the air. 

©OS How can electricity make air cold t 

Air, when electrified^ is expanded^ and expansion 
produces cold. 

609 Why does JiailfaU generally in summer and autumn f 

Because the air is more highly electrified in summer 
and autumn than in winter and spring ; and the vapors 
in summer and autumn (being rarefied) ascend to more 
elevated regions, which are colder than those nearer 
the earth. 

OlO Js (he occurrence and formation of hail clearly understood f 

It is not / much information exists upon the subject, 
but no theory has yet been formed which satisfactorily 
accounts for all the facts which have been observed. 

611 What are meteorites f v 

Meteorites are soUdj luminous bodies^ which from 
time to time visit the earth, moving with immense 
velocity, and remaining visible but for a few moments. 
They are generally accompanied by a luminous train, 
and during their progress explosions are often heard. 

612 Whai is an aerolite f 

Tlie term aerolite is given to those stony masses of 
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matter which are sometimes seen to fall from the 
atmosphere. 

It is derived from the Greek words, acp (atmosphere), and Xiffrt? (a stone). 
A meteor is distinguished from an aerolite by the fact that it bursts in 
the atmosphere, but leaves no residuum except a vapor-like smoke; 
while the aerolite, which is supposed to be a fragment of a meteor, comes 
to the ground. 

613 What is the weight of those aerolites which have been known to/ati 
Jrom the atmosphere f 

Their weights vary from aj^ew ounces to several hun- 
dred pimndsy or even tons, 

614: At what "height in (he atmosphere are mtieors supposed to 
appear? 

Their height above the earth has been estimated to 
vary from eighteen to eighty miles, 

615 Wi^ whai velocity do they move f 

The velocity of these bodies is somewhat more than 
three hundred miles per minute^ though one meteor of 
immense size, which is supposed to have passed within 
twenty-Jlve Tuiles of the earth, moved at the rate of 
twelve hundred miles per minute. 

616 Whai is the value ofstich estimates t 

Owing to the short time the meteor is visible and its 
great velocity, accurate observations cannot be made 
upon it ; ana all estimates respecting their distance, 
size, etc., must be considered as only approodiuations 
to the truth. 

617 Whai is the gentral appearance of aerotites f 

Most of them are covered with a black shining crust, 
as if the body had been coated with pitch. When 
broken their color is ash-grey, inclining to black. 

Very many of the meteorites which have fallen at different times and 
in different parts of the globe, resemble eacli other so closely, that they 
would seem to have been broken from tlie same piece or mass of matter. 

618 What is their composition f 

Great numbers of aerolites have been analvsed, and 
found to contain nineteen or twenty different elementary 
substances. But for the most part they consist oimaUe- 
abU iron amd niokd. 
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Meteoric Iron. Origin of metoors. Shooting stars. 

610 Do (he aeroUtes resemble in corrvposUion any other bodies upon the 
surfchce of ike eariii f 

Tliey do not : malleable iron is rarely if ever found 
in terrestrial svhstances / and metallic nickel does not 
occur upon the surface of the earth naturally. 

620 What is peculiar to the composition of meteoric iron t 

It has a highly crystalline a/rrangement, so peculiar 
that it is especially distinguished by it. This arrange- 
ment of its particles enables us to decide upon me 
meteoric origin of masses of iron which are occasionally 
found scattered up and down the surface of the earth. 

621 W?iere have such masses been found? 

In the south of Africa^ in Mexico, Siberia, and on 
the rotUe overland to California. Some of these masses 
are of immense weight, and undoubtedly fell from the 
atmosphere. 

6S2 Edw are meteorites supposed to originate f 

Four hypotheses have been advanced to accoiint for 
the origin of these extraordinary bodies : 1. That they 
are thrown up from terrestrial volcanoes. 2. Tliat they 
are produced in the atmosphere from vapors and gases 
exhaled from the earth. 3. That they are thrown from 
lunar volca/noes, 4. Tliat tliev are of the same nature 
as tlie planets, either derived from them, or existing 
independently. 

623 Which of these hypotheses is regarded as most probaUe f 

The fov/rth most fully explains the facts connected 
with the appearance of meteorites, and the third like- 
wise has some strong evidence in its favor. 

624 In what respect do shooting stars differ from meteors t 

Their altitude and velocity are greater, they are far 
more numerous and frequent, and are unaccompanied 
by any sound or explosion. Their brilliancy is also 
much inferior to that of the meteor; and no portion of 
their substance is ever known to have reached the earth. 

626 What do we know concerning their altitude f 

Owing to their great number and frequency of occur- 
rence, many careful observations have been made upon 
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them ; their altitude is supposed to vary from six to 
four hundred and sixty miles, the greatest number 
appearing at a height of about seventy tniles. 

0S0 Whai, is iheir supposed velocity t 

It is supposed to range from sixty to fifteen hundred 
miles per minute, 

©S7 Are meteors and shooting stars ai aU times equally abundant t 

They are not ; some may be seen every dear nigktj 
but they appear to return at certain periodical epochs^ 
wlien tliey descend literally in showers. 

628 Whai are the periods when they may he noticed mx)st abundantly t 

On the 9th and 10th of August^ and the 12th a/nd 
l^th of N^ovemher, 

They have also been noticed intimisual abundance on the 18th of Octo- 
ber, the 6th and 7 th of December, the 2d of January, the 23d and 24th of 
April, and from the 18th to the 20th of June. 

eSO Bo the shooting stars appear to emanate from any particular pari 
of the heavens f 

The majority seem to start from a point in the con- 
steUation Perseus, and undoubtedly far beyond the 
limits of our atmosphere. 

eSO Whaiis the zodiacal light t 

It is a singular lum^in^ous appearance seen in the 
horizon before sunrise and after sunset, most conspicu- 
ously in the months of April and May. 

Observations made during the year 1855 seem to conclusively prove 
that the appearainco known as the " zodiacal light " is occasioned by a 
ring of nebulous matter encircling and pertaining to the earth. 
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THE PUMP AND BAROMETER. 



631 Why^ when we sudc up a liquid with a tube or straio^ does (ha 
liquid rise to the mouth t 

One end of the tube being placed between the lips, 
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tlie air is removed from the tube by the ordinaiy pro- 
cess of inhaling, when the pressure of the atmosphere 
compels the liquid to fill the space deserted by tlie air. 

638 Through how grtai a length of Uibt could we raise a liquid ty 
wctiont 

About thirty-two feet. 
Q33 Whyeaavx'nolraistilaiKivtadHy'bBaJeell 
Because the atmospherie pressure will only support 
or balaucc a eolumu of water or similar liquid of tliat 
height. 

€34 IIotB it the common pttmp amalracted t 
The common pump consists of a 
hoUovJ ticbe, the lower part of which, 
descending into the water, is called 
the suctiofirmpe, aud the imper part, h 
{JFig. 20), the barrel or cylinder ; of a 
spout, s, at the top of the cylinder; of 
an air-tight piston, which works up 
and down in the cj'linder ; and of two 
valves, both opening upwards, one of 
which, g, is placed at tlie top of tlie 
suction-pipe, aud the other, p, in tlio 
piston. 

S36 How doet the commim pvmp irperaU T 
When the piston is raised from the 
bottom of the cylinder, the air above 
it is drawn ■up, leaving a vacuum be- 
low the piston ; the water in tlie well 
*■ then nisnes up throngh the valve, g, 

and fills the cylinder ; the piston is then forced down, 
slnitting the valve, g, and causing the water to riee 
throngh the piston-valve, »; the piston is then raised, 
closing its valve, and raismg the water above it, which 
Jlaws out of the spout, a. 
eaa what is a valve t 

A valve, in general, is a contrivance by which water 
w other fluid, flowing through a tuhe or aperture, is 
allowed free passage m one direction, but is stopped in 
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the other. Its structure is such, that, while the 
pressure of fluid on one side has a tendency to close 
it, the pressure on tlie other side has a tendency to 
open it, 

-fiS*. 31, 23, and 33 fepreseDt the varioua forms of valves used in 
pumps, w^er-enjineB, etc 



©37 How can waier be raised In/ the txrrnmon avcium^mp t 
As the action of this pump depends upon the pressure 
of the atmosphere, water cannot be raised by it from a 
depth of more than 34 feet below the tipper valve, and 
in practice a much shoiter limit is usually assigned. 

638 A tinman of SetiiUe, in, iS^in, ignorant of the principkx of science, 
vndeiiook to conatntci a mtttion-pu'ap to raise urafcr frora a weli lixiy feel 
deep ; tp/ien the mocAiif teas finished, he was confounded at discovering 
that il had no poaer to raise waier at all, and enraged al his disappoinl' 
meiii, vihUe same one was teorking the pump, he strvdc the suction pipe tiiilh 
a hamtner or axe so forcibly aa to crack it, when, to his sutprise OTUlddighi, 
the water cUmoit immediate^ began tofltAO, and he found lie had aitt^ned 
hit purpoae. Brno is Utis reeuA to be a/xtAinirdfor T 

The explanation is as follows : the air pressed in 
through, the slit, or aperture of the suction-pwe, and 
becoming mixed with the water in its ascent, Jornied a 
compound fluid far lighter than water alone, and tliere- 
fore acted upon more readily by the atmospheric pres- 
sure ; and thus produced the phenomenon described. 

639 Eovt high can water be raised in the suction^ump by resorting t» 
the expedient above descrtiied t 

Ahoatflfty-flvefeet, instead of thirty to thirty-four, 
©40 To whom is the iavenlioa of llie common pomp attributed t 
To GtesiMus, an Athenian engineer, who lived at 

Alexandria, in Egypt, about the middle of the second 

century before the Christian era. 
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641 When it is desired to raise water aiovt Ihtrly-fmir feel, as in fire- 
— engines, etc., luno is U accomiMshedl 

By means of t\ie forcing-pump. 
S4S la what mannffr is Oie forciag-pamp eun- 
Slracledt 

In tlie forcing-pump atmoe^iei-ic 
preBsure plays but a small part. Tbere 
18 no valve in the piston c {Jig. 24), 
but the water raised through the suc- 
tion-pipe a, and the valve g, is forced 
by eacn depression of the piston up 
through the pipe e e, which isftirnislted 
with a valve to prevent the return of 
F1..S1. the fluid. 



643 Whatisachain-pianpt 
Tlie chain-pump consists 
of a tube or cyliTider, the 
lower part of which is im- 
mersed in a well or reser- 
voir, and the upper part 
enters the bottom of acistem 
into which the water is to 
be raised. A chain is carried 
round a wheel at the top, 
and is furnished at equal 
distances with movable 
bottoms, which fit watei^ 
tight in the tube. As the 
wlicol revolves, they succea- 
sively enter the tube, and 
carry the water up before 
them, which is discliarged 
into the cistern at the top 
of the tube. 



Wlicn the height through which tlie water is to be 
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raieed, is not very considerable, ae in tlie case where 
the foundations of docks, &c., are to be drained. 

e4S Who first ascertained and demmuitraUdOie reatonfor Ouaseent 
of teaier in a tube by sacUon, and in lite commoa pmnf 1 
TorriceUi, a pupil of Galileo. 

646 ^010 vjos he led to kit ooTtdaaioni t 
He argued, that whatever be the catise which eua- 
tained a coiunm of water in a common pump, ths meor 
sure of the power thus manifested must he the weiaht 
0^ th^ cobimn of water ; and consequently, if another 
Hqnid be used, heavier or lighter, bulk for bulk, than 
water, then the sa?ne force must sustain a lesser or 
greater column of such liquid. By using a much 
heavier liquid, the 
column sustained 
would necessarily be 
much shorter, and 
the experiment in 
every way more 
manageable. 

Turricelli verified hiacon- 
clu»oas in the following 
manner ; — He selctted for 
hia experiment mercuiy, 
the lieavicst known liquid. 
Ab tliiB IB 13} Umea lieavier 
than water, bulk for bulk, 
it followed tlini, if the forco 
imputed to a vacunm could 
sustain 33 feet of water, it 
wovilil necesBurilj BUBlain 
13i times loss, or about 30 
incheB, of mercury. Torri- 
celli thorefore made the fol- 
lowing experiment, which 
bas Binoe become memo- 
rable in Uie history of 

He procured B gla^ tuba 
{Fifi. 36) more llmn 30 
inclicB long, open at one 
end, and closed at tlia 
otlier. Filbng tbia tube 
with mercurf, and apply- 
fng tii« liuger to the open ' na, M. 
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end, BO Rs to prevent ita esc^jo,he invertedit, plunging theendinMmer- 
curj contained in a vessel. On remuviag Clic finger, he observed that the 
itit'rcuiy in tlio tube fell, but did not Ml atu^lher into the cisWrn; it 
only Hubaded uotQ ila Burrace was at a height or about 30 inches above 
tlie surfuce oTtho mercuiy lu the eistera Tbe result was what Torricelli 
cspecl«d, and he HOon perceived the true causa of the phenomeaon. The 
weight of the atmosphere acting upon the miriace of the mercury in Iha 
vessel, supports the liquid in the tube, this last being protected (torn the 
pressure of the atmosphere hy the closed end of the tube. 

S^7 Snc was the fori that thi column of mercuxy was tUiUtinsd by the 
prasure of Ihe idmoephere farAtr verified t 

By an experiment made by Pascal, in France. He 
argued, that if the caiiee which snetained tlie column in 
the tube was the weight of the atmosphere acting on 
tlie external surface of the mercury in the cistern, then, 
if the tube was transported to tlie top of a higli moun- 
tain, where a less quantity of atmosphere was above it, 
the pressure would bo less, and the length of the column 
less. Tliis was tried and found to be the case. 

648 Mote did tfieee experiments lead to Ote invention of the baromelert 
It was noticed tliat when the ap- 
paratus above described was kept 
m a fixed position, the height of the 
coluTivn fiwsttuUed from day to day 
witliin certain small limits. The 
effect was of course to be attributed 
to the variation in the weight of the 
incumbent atmosphere, arising from 
various meteorological causes. 

This led to the use of the tube and cialem 
of mercury, arranged in the manner before 
described {Fig. aO), for determining the changes 
in tlie atmosphere, and cousequently the clia- 
racler of the weather. 
j 649 jEgilain iiwre fuBy in what tnanner 

the barometer can be wed aa a weather-glass t 

When air is moiet, or filled with 
vapor, it is lighter than usual, and 
the column of mercury stands low ; 
when air is dry and free from vapor, 
it is heavier than nsual, and the mer- 
•■*■■■'''■ cury stands high. Thus the baro- 
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meter (by showing the variations in 
tlie weight ^ the air) iudicatea the 
changes of the weather also. 

esO HmB is the common form qf Imromeier, 
called the viheel-barornfiter, conslraded t 

The barometer conaista of a hent 
tube, filled with raercuiy, as repre- 
sented in 2^ig. 27, the column be- 
ing BUBtained by the preBSure of the 
atmosphere upon the snrface of the 
mercury in the shorter ann, tlie end 
of which is open. A small float of 
iron or glass I'ests upon tiie mercury 
in the shorter ann of the tube, and 
is suspended by a slender tliread, 
which is passed round a wheel car- 
rying an index. As the level of the 
mercury is altered, and the weight 
raised or lowered in the tube, uie 
index moves ; and as the divisions 
on the circumference of the circles 
within which it moves are much 
amplified, very slight changes are 
easily read off. 

f%g. 37 representa the intem&l structure of 
tbe wheel-burometer, and Fig. 38 its eictemal 
appearaiice, or caaing, with a tbermomoter 
attached. F,^, 58_ 

©Ol Why is the ordinary me of the barometer on Ihe i 
limited and ancerlairtt 

The height of the mercury in the tube at any time 
must depend partially upon the elevation qf the place 
of observation above the level of ihe sea ; and no correct 
judgment can be formed relative to the density of the 
atmosphere as affecting the state of the weather, with- 
out reference to the situation of the instrument at the" 
time of making the observation. Tlierefore, no atten- 
tion ought to be paid (o the words, ^^foM--, rain, change- 
able," etc., irequently engraved on the plate of a baro- 
meter, as diej will be found no certain indications of 
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Difference between a thermometer and barometer. Peenliarities of ellmate& 

the correspondence between the heights marked, and 
the state of the weather. 

652 WhcU is ihe difference between a {kermometer and a barometer t 

In a thermometer the mercury is sealed up Jrom the 
air ; and rises or falls as the varying iem/perature of 
the air expands or contracts it ; but in a harometer the 
mercury is left exposed (or open) to the air/ and rises 
or falls as the varying weight of the air presses upon 
'the open column. 

653 Why is the tube of a barometer' left open f 

That the air may press upon it freely ; and, as this 
pressure varies', the mercury rises or falls in the tube. 

664 Why does ihe mercury in ihe barometer rise at the approach of 
fair weaiher t 

Because the air is becoming more dry, and the drier 
the air, and the more free it is from vapor, the greater 
the pressure. 

655 Why does the mercury sink ai Ihe approach offotd wecUher t 

Because the air is laden with vapor or disturbed h/ 
wind. 

656 Why does vapor in the air cause the Tnercury to sink t 

Because air containing vapor is lighter than dry 
air ; and its pressure on the mercury is therefore less. 

657 Why will there be no rain if Ihe air be very dry t 

Because dry air will absorb moisture^ and not part 
with it in rain. 



CIIAPTEE VIII. 

PECULIARITIES OF CLIMATES. 



653 What do we mean by the term climate t 

By climate, we mean the condition of a place in 
relation to the various phenomena of the atmosphere, 
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Mean dally temperatrire. Temperature yaries with the altltade. 



as temperature, moisture, etc. Thus, we speak of a 
warm or cold climate, a moist or dry climate, etc. 

65d What is meant by the mean daily temperature t 

Tlie mean or average temperature of the day is 
found by observing the thermometer at fixed intervals 
of time during the twenty-four hours, and then dividr 
ing the surn of the temperatures by the number of 
observations. 

660 Eow is ike moan annual temperature of a particular point ascer- 
tained f 

By taking the average of all the mean daily tempe- 
roitures throughout the yea/r, 

661 How does temperaiure vary with the latitude t 

The average annual temperature of the atmosphere 
diminishes from the equator towards either pole. 

665 Give examples of this variation f 

At the equator, in Brazil, the average annual tem- 

!)erature is 84° Fahrenheit's thermometer ; at Calcutta, 
at. 22* 35' N., the annual temperature is 78° F ; at 
Savannah, lat. 32° 5' N., the annual temperature is 
65° F. ; at London, lat. 51° 31' N., the annual tempe- 
rature is 50° F. ; at Melville Island, lat. 74° 47' N., the 
mean annual temperature is 1° below zero. 

663 Eow does the temperature vary wUh the attitude above the ea/rWs 
surfaced 

Temperature diminishes with the altitude. As a 
general rule, a loss of heat occurs to the extent of one 
degree F. for every 343 feet of elevation. 

664 How does (he gradual reduction of temperature as we ascend from 
the surface of the earth affect the moisture of (he air t 

In every latitude there is a point above the surface 
of the earth where moisture, once frozen, always re- 
mains congealed. 

666 Why are the tops of very high mountains always covered wi(h 
snowf 

Because, at the great elevation of their summit, the 
temperature of the atmosphere is so low that the con- 
gealed moisture which falls upon tliem never melts. 
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What to a glacier t Icebei^ Line of perpetual snow. 



eee Whatisagladert 

The glacier only exists upon mountains whose sum- 
tnits are covered with perpetual snow. The snow upon 
the higher parts becomes somewhat softened during 
the summer, and in the winter is again hardened nearly 
to ice. In the succeeding summer, the action of the 
sun, and the internal heat of the earth, detach large 
masses loaded with recently deposited snow into me 
neighboring valleys, where, bemg accumulated, and 
the crevices fillea with snow or water which at last 
hardens to ice^ they form huge seas of ice, or a gldder / 
in French, mers-de-^ldce. 

6©7 Do the glaciers continue to increase year by year f 

Very many of them do ; and in Switzerland many 
valleys, once fertile, are now JiUed with glaciers. From 
the bottom of the glacier streams of water constantly 
issue, and it is from such sources that the rivers Rhine 
and Rhone of Europe take thei/r rise. 



How are ihe gigantic icebergs formed which are found floating at 
some seasons in the AUantic t 

They are portions of great glaciers formed in the 
northern regions, which become detached and float in 
the sea. 

©so How high are icebergs sometimes seen f 

Sometimes exceeding 300 feet in height. 

©70 At whai devaiion above the surfiux of the earthy at the equaifir, 
win vxtter remain frozen t 

At an elevation of about 15,000^5^^. 

©71 At what elevation in the straits of Magellan wiU water remain 
frozen? 

At about 4000/^^. 

©7S Wfiat is ihe point where water remains frozen caUed t 

The line oijperpetual snow. 

©73 Why are not aU places which Ue under the same parallel of lati- 
iude of the same temperature t 

Because various disturbing cvrcumstances tend to vary 
the mean temperature. 
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Effect of the sea on the climate. Of momitains on temperature. Natural soils. 

© 74 W hat disturbing drcumstaiices affect the tempercUure ofparUcidar 
ntuations t 

1. The devoMon smdiform of the land ; 

2. The proQcimiiy of the sea ; 

3. Mountains^ swamps^ andjfbrestsf 

4. The natwre of the soil ; and 

5. The prevalence of cold or warm winds. 

©TS What effect is produced on temperature by the configuraiion of 
lands f 

Islands and peninsulas are warmer than continents ; 
hays and irilaml seas also tend to raise the mean tem- 
perature. 

&7Q What effect has (he sea on temperature f 

In warm climMes it tends to diminish the heat ; in 
cold climates to mitiga/te the cold. • 

©77 Whai effect have mountains on temperature t 

Chains of mountains which ward off cold winds, ai^- 
merit the temperature / but mountains which ward on 
south and west winds, lower it. 

©78 What effect has soil on temperature f 

A sandy soil, which is dry, is wa/rmer than a marshy 
soil, which is wet, and subject to gi*eat evaporation. 

©79 Whai is a naiurtU soilf 

Natural soils are msrely decomposed parts of the sub- 
jacent rocks, mixed with the decomposed portion of 
vegetable substances which have grown or fellen upon 
it, with some animal substances. 

©80 What is the name given to the vegetable and animai products 
mixed with the mineral ingredients of a soU t 

Humus. 

©81 Whai beneficial effect do loose stones and rocks have upon dry 
porous soils f 

They retain mmsture in the soil by preventing the 
evaporation which would otherwise take place. In 
high lands they serve to condense fogs and low clouds, 
and thus add to the moisture of the subjacent soil. 

68S3 What countries are the most cloudy f 

Those where the temperature and winds are most 
variable, as Great Britain. 
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Where the most rain &IIs. How many rainy days In the year. 

683 W?icU countries are ike least cloudy f 

Those where the temperatui'e and winds are least 
variable^ as Egypt, 

684 Why are mourUainous countries more rainy than flat onesf 

Because the air (striking against the sides of the 
mountains) is carried up the iriclinedplane^ and brought 
in contact with tlie cold air of the higher regions ; in 
consequence of which its vapor is condensed and depo- 
sited in rain. 

686 When is the quantity of moisture in the air greaiestj and when 
least f 

It is greatest in the summer months^ and least in the 
winter. 

686 In what part of the world does rainfall most ahundanUy t 

Ne&r the eqimtor^' and the quantity of rain decreases 
as we approach XhQ poles, 

687 HovJ many inches of rain faS, yearly at the city of Vera Cruz, 
Mexico f 

About two hundred and seventy-eight inches. 

688 How greai a depth of rain, measured in inches^ faJQs yearly in 
London f 

About twenty-jwe inches 

680 How do you account for the great amount of rain faJUng at Vera 
Oruzt 

Vera Cruz, situated within the tropics, is backed by 
lofty mountuins, whose summits are covered with per- 
petual snow ; against these the hot^ humid air Irom 
the sea is driven by the trade-winds, condensed^ and its 
excess of moisture is precipitated as rain. 

690 In whai latitudes do the greaiest nurnber of rainy days occur f 

There are more rainy days in the temperate zones 
than in the tropics, altliough the yearly quantity of 
rain falling in the latter districts is much greater than 
in the former. 

691 About how many rainy days are there in a year in the northern 
parts of the United States f 

About one hundred and thirty-four / in the South- 
ern States the number is somewhat less, being about 
one hundred and three. 
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6BS Why does it rain more frequenUy in live temperate zones than in 
the tropics f 

Because the temperate zone is a region of variable 
winds^ and the temperature of the atmosphere changes 
often ; while in the tropics the wind changes but rai'ely, 
and the temperature is very constant throughout a great 
part of the year. 

603 How is the amount of rain measured t 

By means of a rain-gaicge. 

6G4 Bow is this constructed f 

The best fonn consists of a cylindrical metal vessel 
furnished with a float ; the rain falling into the vessel 
raises the floaty the stem of which is so gradvMed that 
the increase in depth can be very accurately measured. 

6SCS Why does it rain mxjre upon the sea-coast than in Ike interior of 
a country t 

Because the air adjacent to the ocean contains more 
moisture than the air inland. 

6Q6 Wh^at is the average yearly faU of rain in the tropics and tempc' 
rate zones f 

The average yearly fall of rain in the tropics is nine- 
ty-fi/oe inches / m the temperate zone only thirty-jwe. 

The greatest rain-fall, however, is precipitated in the shortest time. 
Ninety-five inches fall in eighty days on the e(iuator, wliile at St. Peters- 
burg the yearly rain-fall is but seventeen inches, spread over one hundred 
and sixty-nine days. Again, a tropical wet day is not continuously wet. 
The moniing is clear ; clouds form about ten o'clock ; the rain begins at 
twelve, and pours till about half-past four; by sunset the clouds are 
gone, and the nights are invariably fine. 

©07 In the tropics, how aire the seasons divided? 

Into the wet or rainy ^ and the dry season. 

098 Are (here some countries entirely destitute of rain f 

In some parts of Egypt it never rains ; in Peru it 
rains once^ perhaps, in a murCs lifetime. 

Upon the table-land of Mexico, in parts of Guatemala and California, 
for the same reason, rain is very rare. But the grandest rainless districts 
are those occupied by the great desert of Africa, extending eastward 
over portions of Arabia and Persia to a desert province of the Belooches — 
districts farther continued in the heart of Asia over the great desert of 
Gobi, the table-land of Thibet, and part of Mongolia. In all these are 
five or six millions of square miles of land that never taste a shower. 
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Conntiies destitate of rain. Aonttal amount of rain. Annnal eyaporation. 

699 Why are these countries destitute of rain f 

The cause- of this scarcity is to be sought for in the 
peculiar aonformation of the country. 

In Peni, parallel to the coast, and at a short distance from the sea, is 
the lofty range of the Andes, the peaks of wliich are covered with per- 
petual snow and ice. The prevailing wind is an east wind, sweeping 
from the Atlantic to the Pacific across the continent of South America. 
As it approaches the west coast, it encounters this range of mountains, 
and becomes so cooled by them that it is forced to precipitate its moist* 
ure and passes on to the coast almost devoid of moisture. In Egypt and 
other desert countries, tlie dry sandy plains heat the atmosphere to such 
an extent that it absorbs moisture, and precipitates none. 

700 Are there some districts in which it may be said to always rain t 

In some portions of Guiana it rains for a great por- 
tion of the year. The fierce heat of the tropical sun 
fills the atmosphere with vapo7\ which returns to the 
earth ai^ain in constant showers, as the cool w^inds of the 
ocean now in from the higher latitudes. 

701 How great a quantity of water is supposed to be annuaUy precipi- 
tated as rain f 

Tlie amount is calculated to exceed seven hundred 
a/nd sixty millions of tons 

70s Was (his whole amount raised by evaporation into the atmosphere f 

Certainly ; the daily amount of water raised by 
evaporation from the sea alone amounts to no less than 
one hundred and si^yfour cubic miles^ or about sixty 
thousand cubic miles a/nnually, 

703 Whai is the daily amount ofevaporaiion from the sea between the 
Cape of Good Hope and Calcutta f 

During the months of October and Noverriber^ it is 
known to average three quarters of an inch daily from 
the whole surface. 

704 Is t?ie climate of New England and the Nbrtliem United States 
drier than that of England and Central Europe t 

It is ; and this fact exercises an important inf/uence 
upon many professions and callings. Painters find that 
their work dries quicker in New Ilngland than in Cen- 
tral Europe. Cabinet-makers here are obliged to use 
thicker glue, and watchmakers animal instead of vege- 
table oil. 
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Hail-storma, where most frequent The moon and the weather. 

705 Why will not pianofortes made in England or Germany answer 
for use in New England f 

Because the difference in the climate of these respec- 
tive countries is so great, as respects Trwisture^ that 
the foreign instruments shrink, and quickly become 
damaged. 

*7O0 In what cUmates do haitr storms most frequently occur t 

In teTwperdte cUmates most frequently, and rarely 
within the tropics. 

707 In what locaiities in the temperate zones do hail-stormt occur most 
frequently f 

In the vicinity of high mountainSj whose peaks are 
always covered witii ice and snow. Tlie south of France, 
whicn lies between the Alps and Pyrenees, is annually 
ravaged by hail ; and the damage which it causes 
yearly to vineyards and standing crops, is estimated at 
upwards of nine millions of doUare. • 

708 Do the general meteorological changes which take place almost 
daily, and which are designated as weather changes, occur in accordance 
with certain fixed laws f 

There is no reason to doubt that every change in the 
weather is in strict accordance with some certain phy- 
sical agendeSj which are fixed and certain in their 
operations. 

709 Why can we not, then, with certainty determine and foreteU tJie 
character of the wealherfor any partictUar time f 

Because the laws which govern meteorological 
changes are as yet imperfectly understood. 

710 Is there any reason for supposing tfiat the moon has any influence 
upon the weather f 

An examination of meteorological records, kept in 
different countries through many years, proves conclu- 
sively that the popular notions conceniing the influence 
of the lunar phases on the weather have no foundation 
in any well established theory^ and no correspondence 
with observed facts. 

711 Do m,eteorological records afford any 8U2yport to the belief in the 
occurrence of rain at particular phases of Vie moon f 

There is some reason for supposing that rain falls 
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Effect of moonlight on animals and vegetables. Equinoctial storm. 

more frequently dihoutfour days before full moon^ and 
less frequently about four or five days before new- 
moon, than at other parts of the month ; but this can- 
not be considered as an established fact : in other 
respects the changes of the moon cannot be shown to 
have influenced in any way the production of rain. 

7113 Does the bright moonlight in any way hasten the pvirefaction of 
animal or vegetable substances f 

It is generally supposed to do so ; but the fact is, 
that on bright, clear nights, when the moon shines 
brilliantly, aew is more freely deposited on these sub- 
stances tJian at other times, and in this way putrefac- 
tion may be accelerated. With this the moon has no 
connexion. 

713 Is (here any foundation fw the belief thai the appearance of the 
aurora horealis is fallowed by a change in the weather? 

Meteorological registers conclusively show that there 
is no such connexion^ and that the appearance of the 
aurora is as often followed by fair weather as by foul. 

714 Is {here any truth in the traditional notion thai a long and violent 
storm usfiaUy accompanies the period of the equinoxes f 

The examination of weather-records for sixty-four 
years shows that no particular day can be pointed out 
xn the month of September (when the "equinoctial 
storm " is said to occur) upon which there ever was, or 
ever will be, a so-called equinoctial storm. Tlie fact, 
however, should not be concealed, that taking the ave- 
rage of the five days embracing the equinox for the 
period above stated, the amount of rain is greater than 
for any other five days, hy three per cent, throughout 
the month. 

715 Is there any reason for believing thai cold and warm seasons alter' 
naief 

Meteorological records, kept for eighty years at the 
observatory of Greenwich, England, seem to show that 
groups of warm years alternate with cold ones in such 
a way as to render it most probable that the mean an- 
nual temperatures rise and fall in a series of curves, 
corresponding to periods of about fourteen yeq/rs. 
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73.Q Is it probable thai some ammals and insects are able to foretell 
cfianges in the weather before iruin can perceive any indicaiions of tlie saine f 

Of this fact there appears to be no doubt. Some 
varieties of the land-snail only make their appearance 
hefore a rain. Some other varieties of land cnistaceous 
animals change their color and appearance twenty-four 
hours before a rain. 

7T.7 What curious fact has been noticed in respect to the leaves of trtxo 
indicaiing dianges in the weather f 

For a light, short rain, some trees have been observed 
to incline their lea/ves^ so as to retain water } but for a 
long rain, they are so doubled as to conduct the water 
away. 

718 What fact has also been noticed respecting the changes in springs 
previous to a rain f 

Tlie water of springs has been observed to rise and 
flow out in- greater yolume previous to a rain. 

Most, if not all, of the popular proverbs respecting changes in the wea- 
ther, the influence of tlie moon, of frosts, auroras, and tlie like, wlieu 
tested by observation, will be found to be unsupported bjr facts, and 
unworthy of the slightest credence. 

71.9 Why will there be no rain if the air be very cold t 

Because it is so much condensed that it has akeady 
parted with as much moisture as it can spare. 

7SO Edve heat and cold any effect on the barometer f 

No, not of themselves ; but as cold weather is gene- 
rally either dry or rotcgh^ with northerly winds, the 
mercury generally rises in cold weather ; and as warm 
weather is often Tnoist, or accompanied by southerly 
winds, which bring vapor with them, therefore the mer- 
cury often sink^ in warm weather. 
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PART IV. 

SOUND. 



CHAPTEE I. 

ORIGIN AND TRANSMISSION OF SOUND. 
•7S1 How is sownd produced t 

Sound is heard when any sudden shock or impulse, 
ccmsing vibrations, is given to the air, or any other 
body, wliich is in contact directly or indirectly with the 
drum of the ear. 

70S WJicU is ihe drum or tympanum of the ear t 

A thin memhra/ne which closes the aperture of the 
ear. 

7S3 ffow do the vibrations of ihe air, striking upon ihe drum of the ear^ 
give us the sensation of sound f 

Behind the drum of the ear are various eamties and 
tvhes in the bone which form the side of the head, in 
which the minute fibres of the auditory nerve are dis* 
trihuted. When the drum of the ear is made to vibrate 
freely by the action of the sonorous undulations of the 
external air, the vibrations are communicated by the 
action of minute bones, muscles, and fluids contained in 
the cavities of the ear, to the nerve, and from thence th« 
impressions are conveyed to the brain. 

Fig. 29 is a perspective magnified view of the interior of the ear. The 
several parts of the ear, and the progress of sound towards the nerve 
which communicates the sensation to the brain, may, however, be best 
illustrated by reference to Fig. 30 : — 

1. There is external to the head a wide-mouthed tube, or ear-trumpet, 
fid for catching and concentrating the waves of sound. It is movable in 
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Fig. S9. rt- w. 

many animala, so tbat thef can direct it to tlie place from wiiicli the 
sound comes, 

2. Tlie sound concentrated at the bottom of tlie ear-tubo Talis upon a 
membrane atretclied across the channel, Ulcs the parcliment or an oi'di- 
narj drum, over tlie apace called the tympamim, or dram of Ihe ear, b, 
and causes the membrane to vibrate. That its motion may be free, 
tlie air contained within the drum has free communication with the 
exlemai air by the open passage, f, called the eu3tachian tube, leading to 
the back of the mouth. A degree of deafness ensues when this tube is 
obstructed, na in a cold ; and a crack, or sudden noise, with immcdiato 
return of natural hearing, ia generally experienced when, in the eifort of 
sneezing or otherwise, the obstruction is removed. 

3. The vibrations of the membrane of the drum are canreycd further 
inwards, through the cavity of the drum, by a chain of four bones (not 
here represented on account of their minuteness), reaching from ihe 
centre of the membrane to the oval door or window, leading; into the 
labyrinth e. 

4. The labyrinth, or complex inner compartment of the ear, over which 
the nerve of hearing is spread as a lining, is full of wnlery fluid; and, 
tiierelbre, by the law of fluid pressure, when the force of the moving 
membrane of the drum, acting through the chain of bones, ia made (o 
compress the water, the pressure is felt instantly over the whole cavity. 
The labyrinth constats of the vesiibnie, e, the three semsciVcuior eonaie, r, 
imbedded in the hard bone, and a winding cavity, called the cocMea, d, 
like that of a snail^ahcli, in which fibres, stretched across like harp-atrings^ 
constitute tlie lyra. The acpu^to usea of these various parts are not yet 
fully known. The membrane of the tympanum may be pierced, and the 
chain of bones may be broken, without entire toss of hearing. — Armott. 

734 Js air riecfssary io Ihe froiiu^iuwi of soaiid t 
< No ; but moat sound'* owe tlieir origin to the vibra- 
tions of tlie air. Sound can be produced under water, 
and all bodies are, in fact, more or less fitted to produce 
the sound vibrations; in many cases air is neither tho 
(Quickest nor tlie best conductor of sound. 
7Se Upoawhatdoes the loudnfss of simiuItoraKyed by air depend r 
Upon the d&nsity of the air \ 
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What is a sonorouB body f 8onorouB yibratlona. 



Bell metal 



726 Why does a bell rung in a receiver exhausted of air fail to prodiice 
sound? 

Because no air is present to receive and transmit the 
vibrations. 

727 What is a sounding or soruyrous body t 

A body possessing both hardness and elasticitv, 
which, when struck, vibrates, and imparts to the air in 
contact with it undulations corresponding to its vibra- 
tions. 

708 Why has (he peculiar kind of motion in bodies which gives rise to 
ihe sensation of sounds been termed vibration f 

Because a striking analogy may be traced between 
the tremulous agitation which takes, place among the 
particles of a sounding hody and the osoillations of a 
jpendvlura. 

7S0 How may the ncUure of sonorous 
vibrations be illustrated t 

• . By noticing the visible mo- 
tions wliich occur on striking 
or twitching a tightly extended 
cord or wire. Suppose such a 
cord, represented by the cen- 
tral line in J^ig. 31, to be 
forcibly drawn out to A, and let go ; it would immedi- 
ately recover its original position by virtue of its elas- 
ticity ; but when it reached the central point, it would 
have acquired so much momentum as would cause it to 
pass pnward to a : thence it would vibrate back in the 
same manner to B, and back again to 5, the extent of 
its vibration being gradually diminished by the resist- 
ance of the air, so tnat it would at length return to a 
state of rest. 

730 Why are copper and iron sonorous, and not lead f 

Copper and iron are hard and elastic / but as lead 
is neither hard nor elastic, it is not sonorous, 

731 Of what is bell-metal made f 

Of copper and tin in the following proportions : — In 
every nve pounds of bell-metal there should be one 
pound of tin and four pouijds of copper. 




Fiff.81. 
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732 Why is (his mixture of tin arid copper used for beU-meial f 

Because it is much harder and more elastic than any 
of tlie pure melals. 

733 Are solids aipahle of transmitting sounds f 

All solid bodies which possess elasticity have the 
power of propagating or transmitting sounds. 

734 What easy experiment iGustrates the transmission qf sound by 
iolidsf 

When a stick is held between tlie teeth at one ex- 
tremity, and the other is j^laced in contact with a table, 
the scratch of a- pin on the table may be heard with 
great distinctness, though both eara be stopped. 

736 Does the earth conduct sound? 

The earth often conducts soimd, so as to render it 
sensible to the ear, when the air fails to do so. It is 
well known that tlie approach of a troop of horse can 
be heard at a distance by putting the ear to the gi'oundg,: 
and savages practise this method of ascertaimng tl^*^ 
approach of pereons fix)m a great distance. 

736 What purpose is subserved by the body of a stringed instrument t 

The string of an instrument^ when caused to vibrate, 
communicates the vibrations to the matter composing 
the body of the instrument and the surrounding air, 
and thus a tone or nvusical note is produced ana ren- 
dered audible to the ear. 

737 How are aerial vibraiions or ptdsea communicated^ 

The air, encompassing sounding bodies on eveiy side, 
conveys the sensation of sound in all directions ; there- 
fore the atrial vibrations^ or, as they have been termed, 
^'jfmlseSj^ must be communicated successively and ge- 
nerally throughout the whole space within the limits 
of which they are capable of affecting the ear. 

738 To what have (he sound vibraiions or pulsations been compared t 

To the waves spreading in concentric circles over 
the smooth surface of water. 

"When a stone is thrown into water, the liquid waves are propagated 
not only directly forward from the centre, but if they encounter any ob- 
struction, as from a floating body, they will bend their course round the 
Bides of the obstacle, and spread out obliquely beyond it. So the uudu- 

6 
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lations of air, if interrupted in their progress by a high wall or other simi- 
lar impediment, will be continued oyer its summit and propagated on the 
opposite side of it. 

739 When a sonorous body is struck^ do aU the particles of wJiich it is 
composed really move or vil/raic t 

They do ; and tlie body itself, no matter how com- 
pact and solid it may be, really changes its form with 
each vibration. 

740 How may the sound vibrations in a solid body be rendered visible f 

By many simple contrivances — as by a ball hung by 
a string to a bell, by pieces of paper placed on the 
strings of a violin, or by sand placed upon the sound- 
ing-boaixi of a piano or any other stringed instrument. 

741 How fast does sound travel f 

About 13 miles in a minute, or 1142 feet in a second 
of time. 

74:J3 Why is (he flash of a gun fired at a distance seen long before the 
report is heard f 

Because light travels much faster than sound. 

Light would go 480 times round the whole earth while sound is going 
its 13 miles. 

743 How is a knowledge of (he velocity of sound made applicable to the 
measurement of distances f 

Suppose a flash of lightning to be perceived, and on 
counting the seconds that elapse before the thunder is 
heard, we find them to amount to 3^ ; then as sound 
moves 1142 feet in a second, it will follow that the 
thunder-cloud must be distant 1142 x 3^ = 3997 feet. 

744 Why do windows rattle when carts pass by a house f 

1. Because glass is sonoroics / and the air communi- 
cates its vibrations to the glass, which echoes the same 
sound ; and 

2. TTie window-frame being shaken^ contributes to 
tlie noise. 

Window-frames are shaken, 1. By sound-waves striking against them.- 
2. By a vibratory motion communicated to them by the walls of the 

house. 

^^ • 

746 Why is the sound of a beU stopped by Umching the beU with our 
finger f 

Because the weight of om* finger stops tlie vihraiiofis 
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of the bell ; and as soon as the bell ceases to vibrate, it 
ceases to make sound-waves in tlie air. 

74© Why does a split bell make a hoarse^ disagreeable sound f 

Because the split of the bell causes a double vibration ,' 
and as the sound-waves clash and jar, they impede 
each other's motion, and produce discordant sounds. 

747 Why can persons, living a mile or two fronn town, hear the beUa 
of the town churches sonfittitnes and not at others? 

Because fogs, rain, and snow obstruct the passage of 
sound ; but when the air is cold and dear^ sound is 
propagated more easily. 

748 Why can we not hear sounds {as (hose of distant church bells) in 
rainy weather so well as in fine weather t 

Because the falling rain interferes with the undula- 
tions of the sound-waves, and breaks them up. 

749 Why can we not hear sounds (as (hose of distant church bells) in 
mowy weaiher so well as in fine weaihefi'f 

Because the falling snow interferes with the undula- 
tions of the sound-wa/ves, and stops their progress. 

750 Why can we not hear sounds {such as (hose of distant clocks) so 
disiincUy in a (hick mist or haze as in a clear night f 

Because the air is not of uniform density -when it is 
laden with mist; in consequence of which the sound 
waves are obstructed in theii* progress. 

761 Why do ive hear sounds better by night than by dayt 

1. Because night air is of more uniform density, and 
less liable to accidental currents ; and 

2. Night is more stiU, from the suspension of business 
and hum of men. Many sounds become perceptible 
during the night, which dm'ing the day are completely 
stifled, before they reach the ear, by the din and dis* 
cordant noises of labor, business, and pleasm'c. 

75S Why is (he air of mere uniform density by night than it is by 
dayf 

Because it is less liable to accidental currents ; inas- 
much as the breezes (created by the action of the sun's 
rays) generally cease during the night. 

7C3 How should partition wads be made, to prevent the voices in adjotfi/^ 
ing rooms from being heard t 
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The space between the laths should be filled with 
sTiamiigs or sawdust ; and then no sound would ever 
pass from one room to another. 

764 Why should shavings or sawdust preverU the transmission of sound 
from room to room f 

Because there would be several different media for 
the sound to pass through ; and every change of medium 
diminishes the strength of the sound-waves. 

766 What solids are among the best conductors of sound t 

Iron and glass ; sound is transmitted 'by them at the 
rate of 17,500 feet, or more than 3 miles in a second ; 
afber these rank copper, several diflferent kinds of wood, 
silver, tin, &c. 



CHAPTER II. 

VOCAL AND MUSICAL SOUNDS. 
76Q What is a musical sound f 

A musical sound is produced by regular undulations 
or vibrations — a succession of sounds following each 
other with perfect uniformity. 

767 Sow does a noise differ from a m,usical sound t 

A noise is the result of very irregular or disturbed 
undulations or vibrations. 

768 Do aU persons hear sounds alike t 

The faculty of hearing depends upon the construc- 
tion and sensibility of the ear, and as this differs in dif- 
ferent individuals, it is certain that all persons will not 
hear sounds alike. 

750 W?iat is meant by the terms concord and discord f 

When two tones or notes sounded together produce 
an agreeable effect on the ear, their combination is 
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called a musical concord: when the effect is disagree- 
able, it is called a discora. 

TQO What is the gamut or diatonic scale of musk t 

It consists of seven notes, which are distinguished by 
the seven first letters of the alphabet, or by the seven 
syllables, doj re, Tni^fa, sol, la, si, 

TSl Why dofltdeSj efc., produce musical sounds t 

Because the breath of the performer causes the air 
in the Jkite to vibrate / and this vibration sets in mo- 
tion the sound-waves of tlie air. 

TQS Why does a fiddle-string give a musical sound t 

Because the bow drawn across the string causes it to 
vih?'ate^' and this vibration of the string sets in motion 
the soundwaves of the air, and produces musical notes. 

7Q3 Why does a drum sound f 

Because the parchment head of the drum vibrates 
from the blow of the drum-stick, and sets in motion the 
sound-waves of the air. 

734: Why do pianofortes produce musical sounds t 

Because each key of the piano (being struck with the 
finger) lifts up a little hammer which Knocks against a 
string / and the vibration thus produced sets in motion 
the sound-waves of the air. 

766 Why is an instrument flat when the strings are unstrung t 

Because the vibrations are too slow ; in consequence 
of which the sounds produced are not shriU or »harp 
enough. 

7SG Why do birds alone, of animals, produce musical notes t 

Because they alone are gifted with a vocal organisa- 
tion, which enables them to produce musical notes. In 
other animals, the larynx is placed wholly at the 
upper end of the windpipe ; but in birds it is sepa- 
rated, as it were, into two parts, one placed at each 
extremity. 

707 Why cannot birds be so correctly said to sing as to whistle f 

Because natural singing is an exclusive privilege of 
man. 
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The windpipe. Larynx. Whatlscongfaing? 

768 In the human system^ what are (he porta concerned in the produo- 
Hon of speech and music f 

Tliey are the windpipe^ tlie larynx^ and the glottis, 

769 What is the windpipe f 

The windpipe is merely a cartilaginous canal through 
which the air issues from the lungs. 

770 What is the larynx t 

The larynx is an enlarged continuation of the wind- 
pipe^ formed, like it, of cartilage or grisUe^ memh'ane^ 
and mvscle : it is, however, more complicated, ter- 
minating aoove in two lateral membranes which 
approacn near together, leaving an oblong, narrow 
opening, called the glottis. 

'771. Bow is sound produced by the organs of voice f 

The air expired from the lungs, passes through the 
windpipe and out at the larynx, through the openine; 
of the membrane called the glottis. The vibration ot 
these membranes, caused by the passage of air, causes 
sound. 

77S Edw can the tones of the voice he made grave or actUe t 

By varying the tension of these membranes and the 
size of the opening. ' 

773 What is (he force egcerted by (he heaUhy chest in Uowing f 

About one pound on the inch qf its surface y that 
is to say, the chest can condense its contained air with 
that force, and can therefore blow tlu-ough a tube the 
mouth of which is ten feet under the surface of water. 

774 What is (he vocal action of coughing f 

In coughing the top of the windpipe or the glottis is 
closed for an instant, during which J:he chest is com- 
pressing and condensing its contained air ; and on tlie 
glottis being opened, a slight explosion, as it were, of 
the compressed air takes place, and blows out any irri- 
tating matter that may be in the air-passages. 

775 Why does a popgun make a loud report when the paper buUet is 
discharged from itf 

Because the air confined between the paper bullet 
and the discharging rod is suddenly liberated, and 
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What is sneezing? Laughing. Crying. Sufliocation. 

Strikes against the surrounding air ; this makes a report 
in the same way as when any two solids (such as your 
hand and the table) come into coUision. 

77© What is sneezing f 

Sneezing is a plienoraenon resembling cough ; only 
the chest empties itself at one effort, and chiefly 
through the nose^ instead of through the mouthj as in 
coughing. 

777 What is laughingt 

Laughing consists of quickly repeated expulsions of 
air from the chest, the glottis being at the time in a 
condition to produce voice ; but thei'e is not between 
the expirations, as in coughing, a complete closure of 
the glottis. 

773 What is hiccough? 

Hiccough is the stopping of the commencement of a 
strong inspiration, by a sudden dosing of the glottis. 

779 WIicU is cryifig t 

Prying differs from laughing almost solely in the 
circumstance of the intervals between the gicsts or eocpir 
rations of air from the lungs being longer. Children 
laugh and cry in the same breath. 

780 Why, in straining to lift weights^ or to maJce any powerful bodily 
effort, do we compress our breath f 

We shut up the air in the lungs in order to give 
increased steadiness and Jmnness to the body. 

781 When is a person suffocated? 

When the windpipe becomes choTced^ or the supply of 
air to the lungs is in any way cut off. 

78S Why do bii^ sing comparativdy louder than man ? 

Because the strength of the larynx, and of the muscles 
of the throat, in birds, is infinitely greater than in the 
human race. The loudest shout of man is but a feeble 
cry compared with that of the golden-eyed duck, the 
wild goose, or even the woodlark. 

783 How a/re winged insects generally found to produce sound ? 

Generally they excite sonorous vibrations by the 
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fluttering of their wings or other membranous parts of 
their structure. 

784 How do locusts produce sotmd f 

They are furnished with an air-iladder^ or a species 
of hagpvpe^ placed under and rather behind their wings. 



CHAPTEE III. 



REFLECTION OF SOUNDS. 



78S What is an echo t 

An echo is a reflection of sound. 

780 wm you explain {he manner in which an echo is prodticed f 

When a wave or undulation of water strikes against 
a smooth surface, it is reflected, or turned back, and 
waves moving in an opposite direction are produced. 
The same thing takes place with a sound-wave of air : we 
hear first the sound proceeding directly from the sono- 
rous body ; then, if the souna-wave strikes against a 
proper surface, at a suitable distance, it is turned back, 
and we hear a repetition of the sound. This repetition 
we call an echo. 

787 Are echoes often heard ai sea or on eoctensive plains t 

Very rarely ; at sea or on an extensive plain there 
are no surfaces to reflect pound. It sometimes happens, 
however, that in these situations the clouds reflect sound. 

788 In wliat places do echoes most frequenUy occur f 

In caverns, large halls, valleys and mountainous 
passes, the windings of long passages, etc. 

783 Why are these places famous for echoes f 

Because the sound-waves cannot flow freely forward, 
but continually strike against opposing suriaces, and 
are turned back. 
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Ancient fable of echo. Distance requisite to produce echo. 

7dO What beautiful fiction existed among the ancients relative to ths 
production of echo f 

They supposed that JEcho was a nyrwph who dwelt 
concealed among the rocks, and who repeated the 
sounds she heard. 

701 At whai dista/ncemust the body reflecting the sounds be situated in 
order to produce an echo f 

It is requisite that the reflecting body should be 
situated at such a distance from the source of sound, 
that the interval between the perception of the original - 
and reflected sounds may he sufficierd to jpreoeni, them, 
from being blended together. 

792 When the sounds become thus blended together^ whai is the effect 
caUedf 

A resonance^ and not an echo. 

793 Why do not the waMs of a room of ordinary size produce an echo f 

Because the reflecting sv/rface is so near the source 
of sound that the echo is blended with the original 
sound ; and the two produce but one imj^essimi on 
the ear. 

794 Why do very large buildings {as cathedrals) often reverberate the 
voice of the speaker f 

Because the walls are so far o;^ from the speaker ^ 
that the echo does not get bach %n time to blend with 
the original sound ; and therefore each is heard sepa- 
rately. 

796 Why do some echoes repeal only one syllable t 

Because the echoing body is very near. The farther 
the echoing body is off, the m^ore sound it will reflect : 
if, therefore, it be very nea/r^ it will repeat but one syl 
lable. 

795 Why does an echo sometimes repeal two or more syUahks t 

Because the echoing body is far off ; and therefore 
there is time for one reflection to pass away befwe an- 
other reaches the ear. 

All the syllables must be tdtered before the echo of the first syllable 
reaches the ear : i^ therefore, a person repeats 7 syllables in 2 seconds of 
time, and hears them aU echoed, the reflecting object is 1142 feet distant; 
because sound travels 1142 feet in a second, and the words take one 
second to go to the refleoting object, and one second to return. 

6* 
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Eifeot of sarHaoes on sound. Constniction oC halls for q>eakiDg. 

707 W?iat must be ike conditions of ike reflecting surface in order to 
produce a perfect echo f 

The surface must be smooth and of some regular 
form; for the wave of sound rebounds, according to 
the same law as a wave of water or an elastic ball,^r- 
pendicvla/rly to the surface if it fall perpendicularly, 
and if it fall (Miqudy on one side, it departs with an 
equal degree of obliquity on the other side. 

708 What must he the efect of an irregvkur surface t 

An irreaular surface must break the echo; and if 
the irregularity be very considerable, there can be no 
distinct or audible reflection at all. For this reason an 
echo is much less perfect from the front of a house 
which has windows and doors, than from the plane 
end, or any plane wall of the same magnitude. 

700 Why have TiaUs for mtisic plane bare waMs t 

Because the hard plane walls reflect the sound regu- 
larly^ and increase the eflfect of the music. 

800 Why a/re haUs for speaking^ theatres^ churches^ etc, generally 
omaTnented on the wall, and furnished with pillars, curtains, etc 

Because the oma/mentSj pillars^ curtains^ etc., form 
i/rregvlar swfaces^ which break up and destroy the 
echoes and resonances. 

80X Why is a thick curtain often placed behind a pulpit or speaking- 
desk t 

Because the malerial absorbs the sounds and by not 
reflecting it avoids the production of echoes and reso- 
nances. 

If the room Is not very large, a curtain behind the speaker impedes 
rather than assists his voice. > 




FiK.33. 
80S What is a speaking trumpet t 

A speaking trumpet is a hollow tube, so constructed, 
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Coiutraetlon of tlw iptaklDg tnuDpat Eu trumpet. 

that the raj8 of sound (proceeding from the mouth 
when applied to it), instead of divfcrging, and being 
scattered tliroueh the surrounding atmosphere, are 
reflected from Sie sides, and conducted forward in 
straight hnee, thns giving great additional strength to 
the voice. Tlie course of the rays of sound proceeding 



from the mouth through this instrument, may be shown 
by J^iff. 33. The trumpet being directed to any point, 
a collection of. parallel rays ot sound moves towards 
such point, and tliey reach the ear in much greater 
number than would the diverging rays which would 
proceed from a speaker without such an instrument. 

803 What itanear trumpelt 

An ear trumpet, Jiig. 34, is in form and application 
tlie reverse of a speaking tnimpet, but 
in principle the same. Tlie rays of ^ 
sound proceeding from a speaker, more 
or less dbtant, enter the hearing trum- 
pet, and are reflected in such a manner 
as to concentrate tlie sound upon the 
opening of the ear. J^, 3+ repre- "*"" 

sents me form of the ear trumpet generally used hy 
deaf persons. Tlie aperture A is placed withm tlie ear, 
and the sound whicji enters at 5 is, hy a series of 
reflections from the interior of the instrument, concen- 
trated at A. 

80-4 Why do pfrsons hold the //and concave hrJiind Oie ear, in order to 
hear more diaiinclly 1 

Because the concave hand acts in some respects aa 
an ear trumpetj and 'rcfiecta tiie sound into the ear. 
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805 VHiy does sound seem louder in a church or haU (han on a plain? 

Because the Bides of the building confine the sound- 
waves, and prevent their spreading ; in consequence of 
which their strength is greatly increased. 

80S Edw can most of {he stories in respect to the so-called "hxiunted 
hmises" be explained f 

By reference to the principles which govern the 
jreflection of sounds. Owing to a peculiar arrangement 
Jof reflecting walls and partitions, sounds produced by 
ordinary causes are often heard in certain' localities at 
remote distances, in apparently the most unaccountable 
manner. Ignorant persons become alarmed, and their 
imagination connects the phenomenon with some super- 
natural caufie. 
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PART V. 



HEAT. 



CHAPTER L 

NATURE AND ORIGIN OF HEAT. 

807 Whaiisheatf 

In ordinary language the term heat expresses tho 
sensation of warmth which we experience when any 
portion of our body comes in contact with a substance 
which is warmer than itself? 

808 Do we really know wTwi heai is f 

We do not; we only know and study the effects 
which it produces on matter. 

8O0 Jb whai cause have differemi phUosophera aUribtUed (he phenomenon 
of heai f 

Some have supposed the phenomenon of heat to be 
merely a species of motion among the minute particles 
of bodies generally, as sound is motion of another kind 
among the same particles ; others have supposed that 
heat arises from the jpresence of a peculiar fluid or 
ethereal Tcvnd oftnaMer. 

810 Is it generally believed at the present time (hat heat is a material 
svhfitance f ^ 

It was believed formerly that heat was a kind of 
matter ; but now it is generally considered tjiat heat 
has no material existence. 

811 What great fact is opposed to the idea (hat heai has a separata 
material existence as a fluid t 

The fact that nature nowhere presents ys, neither has 
art ever succeeded in showing us, heat alone in a sepa- 
rate state. 
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Heat has no weight How beat is measnred. What is cold 7 

&1S^ Has heai any perceptible weight f 

No / if we balance a quantity of ice in a delicate 
scale, and then leave it to melt, the equilibrium will 
not be in the slightest degree disturbed. If we substi-. 
tute for the ice boiling water or a red-hot iron, and leave 
this to cool, there wiU be no diiference in the result 

813 Whai important property distinguishes heai from all other agents 
or svbslances in natwre f 

The property of passing throicgh and existing in all 
hinds (^matter at aU Umes; heat is everywJiere present^ 
and every body that exists contains it without known 
limit. 



Has ice heed f 

Yes, large quantities of it. Sir Humphrey Davy, by 
friction, extracted heat from two pieces of ice, and 
quickly melted them, in a room cooled below the freez- 
ing point, by rubbing them against each other. 

816 How do we m/easwe the qwmtity of heat in different bodies, or judge 
of its effects 7 

Only by the cham/ge in hulk or appearance which 
diflFerent bodies assume, according as neat is added or 
subtracted. 

81Q According to what law does heai diffuse or spread itself f 

Heat diflFuses or spreads itself among neighboring 
bodies until aU have acqui/red the same temperatwre / 
that is to say, until all will similarly aflfect the thermo- 
meter. 

817 Why does a piece of iron thrust into burning coals become hot 
among them? 

Because the heat passes from the coals into the iron 
until the metal has acquired an equal temperature. 

818 What is cold t 

Cold is a relative term expressing only the absence 
of heat in a degree ; not its total absence, for heat 
exists always in all bodies. 

819 When the hand touches a body having a higher temperature than 
itself why do we caU it hot f 

Because on account of the law that heat diffuses 
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itself among neighboring bodies until all have acquii*ed 
the same temperature, neat passes from the body of 
higher temperature to the hand, and causes a peculiar 
sensation, which we call warmth. 

850 Under what drcmnstances do we caU a body cold f 

When we touch«a body having a temperature lower 
than that of the hand^ heat^in accordance with the above 
law, passes out from the hand to the body touched, and 
occasions the sensation which we call cold, 

851 Whhi^ iheUf reaUy are the sensations of heat and cold t 

Merely degrees of terrmerai/are^ contrasted by name 
in reference to the peculiar temperature of the indivi- 
dual speaking of them. 

852 When is a body said to be inca/ndesceni or ignited f 

When the body naturally incapable of emitting light 
is heated to sufficient extent to become lumhums. 

853 What is flame f 

Flame is ignited gas issuing from a burning body, 

8J34 Whatisfi/ref 

The appearance of hea;t and light in conjunction^ pro- 
duced by the combustion of inflammable substances. 

■ 

8S6 What charcbcter was attributed to fire by the ancient philosopJtersf 

They used the term Jire as a characteristic of the 
matter of heat, and regarded it as one of the four ele- 
ments of nature. 

8i3e Enumerate the general physical properties of Tieat. 

It is invisible^ without weight, with great tendency 
to diffuse itself J and is absorbed by all bodies. 

SST What a/re (he principcU effects of Tieat f 

Expansion^ liquefaction^ vaporization^ and ignition. 

8S8 What do toe understand by the term caloric f 

Caloric is a name often used to indicate the agent 
which produces the sensation of warmth; since the term 
" heat,'' as generally used, refers only to the sensation. 

8i30 Is cahric equdUy distributed over the globe f 

No ; at the equator the average temperature is 82^'' 
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while at the jpoles it is believed to be about 13° below 
zero. 

" Average temperatwe^^ — that is, the mean or medium temperature. 
" Zero" — ^the point from which a thermometer is graduated ; it is 32* 
below freezing, Fahrenheit's thermometer. 

83 O How many sources of heal are recognised to exist f 

Six. 

831 WhataretTieyf 

' 1. The Sim J 2. 77ie interior of the earth,' 3. Electri- 
cUy ; 4. Vitao action ; 5. Mechanical action; 6. Che- 
mwal action. 




CHAPTEE IL 

THE SUN A SOUECE OF HEAT. 

832 Wliat is the greai nattirai source of heat f 

The sun, 

833 Why do huming-glasses set fire to substances submitted to their 
power? 

Because, when the rays of the sun 

^ pass through the buming-fflass, they 

'^'^^^if^^i^ are bent towards one painty called 

^-^ ^^ the " focus ;" in consequence of 

_ __ which the light and heat at this 

kJ^ssT" point are very greatly increased. 

Fig. 85 represents the manner in which a burning-glass concentrates 
or bends down the rays of heat until they meet in a focus. 

834 Do the rays of the sun ever set fire to natural substances withoui 
the assistance of a burning-glass t 

No / the rays of the sun, even in the tomd zone, are 
never hot enough to kindle natural substances, unless 
concentrated by a Jmming-glass. 

835 Does (he heat ofQie «t» possess any different properties from arti' 
ficiai hfiat t 
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The heat of the sun passes readily through glass^ 
whereas this property is possessed by artificial heat iu 
a very small degree. 

836 What is the generally received opinion at present, in regard to the 
acittai temperature of the visible surface, of the sun f 

That the temperature of its luminous coating is much 
m/)re elevated than any artificial heat we are able to 
produce. 

837 Why is the heat of (he sun always greater in some portions of the 
earth than at others f 

Owing to the position of the earthUs axisj the rays of 
the sun always fall more directly upon the central por- 
tion of the eaith than they do at the poles or extremities. 

838 Upon vjhat does the succession of spring, summer, avlumn, and 
winter, and the variations of temperature of the seasons, depend f 

Chiefly upon the position of the sun in relation to the 
earth. 

830 W7ien do we experience the grecUest amount of heal from Vie rays 
of the sun t 

When its rays fall most perpendicularly. 

840 Why is the heat of the sun greatest at noon t 

Because for the day the sun has reached the highest 
point in the heavens, and its rays fall rrwre ptrpendicvr 
Larly than at any other time. 

8-41 Why is it warmer in summer than in tointer f 

Because in summer the position of the sun is such 
{hat its rWysfaU more perpendicularly than at any other 
season. Tlie sun is longer above the horizon in summer 
than in winter, and consequently imparts the greatest 
amount of heat. 

84S Why is it colder in winter than in sumrner f 

Because in winter the position of the sun is such that 
its rays fall more ohliquely upon the earth than at any 
otlier season. Tlie sun is also for a less time above the 
horizon in winter than in summer, and consequently 
imparts less heat 

8-48 Upon whaJL does the heating power of the sun depend in a greal 
measure? 
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Upon its altitude or height above the horizon j the 
greater its altitude, the more perpendicularly will its 
rays fall upoii the earth, and the greater their heating 
eltect ; the less the altitude, the more obliquely will its 
rays fall, and the less their heating effect. 

844 Why shovM the difference in the inclination of the sun^s rays fall- 
ing upon the earth occasion a difference in their heating effect t . 

Because the more the rays are inclined, the larger 
the space over which they fall. 

Let us suppose A B C D, Fig. 3(5, 

_A to represent a portion of the sun's 

rays; and C D a portion of the 

earth's surface upon which the rays 




fall perpendicularly, and C F and 
E portions of the sur&ce upon 
which they fall obliquely. Now, 
it is obvious that the siufaces C P 
and E are p^reater than the 
surface C D ; and as the same amount of rays of light and heat fall upon 
all the surfaces, it is clear that they will fall more densely upon the 
smaller surface («.c. that it will be warmer there) and more diffusely 
over the inclined or oblique surface (where it will be colder). 

84S Whai is the greatest natural heat ever observed t 

On the west coast of Africa the thermometer (Fah- 
renheit) has been observed as high as 108° in the 
shade / Burckhardt, in Egyjpt^ and Humboldt, in South 
America^ observed it at 117° F. ; and, in 1819, at Bag- 
dad, the thermometer rose to 120° F. in the shade. 

84S Whai is the lowest atmospheric temperature ever observed f ^ 

From 60° to Y0° below the zero of Fahrenheit's ther- 
mometer. This temperature has been observed by Dr. 
Kane and other Arctic navigators. 

847 What is the greatest artificial cold ever produced t 

220^ helow zeroy which temperature was attained by 
Prof. Natterer, At this temperature, pure alcohol and 
ether did not freeze. 

848 What is the estimated temperature of the space above the earth^t 
atmospTiere t 

58° lelow zero. 

843 At what temperature does mercury freesael 
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38°-6 below zero. 

850 At wJiat temperature doesfresj^ wcUer freeze f 

At 32° above zero. 

851 At whai temperature does soli or sea waier freeze t 

At 28°'5 above zero. 

86«3 Why does it require a greater artumrd of cM to cause sea water t/9 
congeal, than it does fresh water f 

Because sea water contains salt and other substances 
which tend to prevent congelation. 

8S3 What is thfi average temperature at the' equator? 

In America^ 81°'5 ; in Africa, 83°. 

864 Wh4ii is blood-heai, or the vital temperature of the human body f 

98°. 

8S6 At what temperature does alcohol hoUf 

Under the ordinary atmospheric pressure at 173°'5. 

866 At what temperature does water boU f 

Under the ordinary atmospheric pressure at 212°. 

867 At what iemperatwre does lead meU f 

At 594°. 

868 At what heat does mercury hoU f 

At 661° under the common atmospheric pressure. 

869 At what Umperaiwe do brass^ copper, silver^ and gold melt t 

Brass at 1869° ; copper, 1996° ; siher, 1873° ; gold, 
2016°. 

860 At what temperature does east-iron melt f 

' At 2786°. 

861 What is the greatest degree of artificial heat which we have been 
enabled to measure t 

A furnace heat of 3280° : at this heat wrought iron 
and platinum did not melt 
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CHAPTEE III. 

OTHEB SOUBCES OF HEAT BESIDES THE BUS. 

8623 ffoio far below the surface of the earth does (he infliience of solar 
hecU extend f 

Tlie depth varies from 50 to 100 feet / never, how* 
ever, exceeding the latter distance. 

863 How do we know that ihe earth is a source of keaif 

Because we find as we descend into the earth and 
pass beyond the limit of solar heat, that the tem^eror 
ture constantly increases. 

864 At what rate does the temperature increase f 

About one degree of the thermometer for every fifty 
feet 

865 Supposing ffie iemperaiure to continue to increase according to this 
ratio., what would be its effects at different deptJis t 

At the depth of two miles water would be converted 
into steam ; at four mileSy tin would be melted ; at 
five miles, leaa; and at thirty miles, almost every 
earthy substance would be reduced to a fluid state. 

866 7b wh£U cause may earthquakes and volcanoes be attributed f 

Undoubtedly to the agency of the internal haat of 
the earth, 

86*7 What effect has the interned heat of (he earth on the iemperaivre 
of the surface t 

No sensible effect: it has been calculated that it 
affects the temperature of the surface less than ^V of a 
degree of the thermometer. 

868 Why^ if so great an amount of heat exist in the interior of th$ 
earthy does it not appear more manifest upon the surface t 

Because the materials of which the exterior strata or 
crust of the earth is composed, do not conduct it to the 
surface from the interior. 

860 In what manner is electricity a source offieat f 

When an electric current passes from one substancQ 
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to another, the substance which serves to conduct it is 
very frequently heated ; but in what manner the heat 
is produced, we have no positive information. 

870 How great a degree of heat is electricity capable of generating f 

The greatest Tcnown heat with which we are acquaint- 
ed, is produced by the agency of the electric or gal- 
vanic current. AU known substances can be melted or 
volatilized by it. 

87T. Has the heat generated by electricity been employed for any prao 
fkal or economical purposes f 

Not to any great extent: but for philosophical experi- 
ments and investigations it has been made quite useful. 

873 Whxd is chemical action f 

We apply the term chemical action to those opera- 
tions, whatever they may be, by which the weight^formy 
solidity^ color^ taate^ smelly and action of substances 
become changed ; so that new hodies with quite different 
properties are formed from the old. 

873 How does chemical action become a source of heal t 

Many bodies, when their original constitution is 
altered, either by the abstraction of some of their com- 
ponent parts, or by the addition of other substances not 
before in combination with them, evolve heat while the 
change is taking place. 

874 Explain by illustration what you mean. 

Water is cold, and sulphuric acid is cold ; but if these 
two cold liquids be mixed together, they will produce 
irdense heat, 

875 Why does cold water poured on lime make it iniensdy hotf 

Because heat is evolved by the chemical action which 
takes place when the cold water combines with tlie lime. 

Heat is always evolved when a fluid is converted into a solid form. 
Heat is always absorbed when a solid is changed into a liqmd state. As 
the water is changed from its liquid form when it is taken up by the lime^ 
therefore heat is given off. 

87S Where does the heat come from f 

It was in the water and lime before, but was in a 
latent state. 
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8 77 Was (here heat in (he cold water and lime be/ore (hey were mixed 
ioge(herf < 

Yes. All bodies contain heat. 

8*78 Is there heat even in ice t 

Yes ; but it is latent {i.e. not perceptible to our 
senses). 

Laient^ from the Latin word lateo (to lie hid). 

879 Does cold iron contain heed f 

Yes; everything contains heat; but when a thing 
feels cold^ its heat is latent, 

880 What is m^ant by latent heat f 

Heat not perceptihle to our feelings. When anytliing 
contains heat without /(^^Zi/i^ the hotter for it, that heat 
is called '' latent heat. 

&81 Does cold iron contain latent heat f 

Yes ; and when a blacksmith compresses the particles 
of iron by his hammer, he brings out latent heat ; and 
this makes the iron red hot. 

888 Why is the air in (he spring, when (he ice and snow are melting, 
always very chilly and cold f 

Solid bodies, in passing to the liquid state, absorb heat 
in large quantities ; when ice and snow are thawing, 
they absorb heat from the air, in consequence of which 
its temperature is greatly reduced. 

883 Why does (he weather always Tnoderate on (he faU of snow t 

Bodies, in passing from the liquid to the solid state, 
give out heat : snow is frozen water, and in its forma- 
tion heat is imparted to the atmosphere, and its tem- 
perature increased. 

884 Why does the temperature of melting ice and snow never exceed 
32" f 

Because all the heat imparted to melting ice and 
snow hecomes insensible^ until the liquefaction is com- 
plete. 

886 Can we he made to fed the heat of ice or snow f 

Yes. Into a pint of snow put half as much salt / 
then plunge your hands into the liquid ; and it will feel 
so intensely cold that the snow itself will seem warm in 
comparison to it. 
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88 S Are saU and snow really colder than snow ? 

Yes, many degrees ; and by dipping your hand into 
the mixture J^st, and into snow afterwards^ the snow 
will seem to be comparatively warm. 

887 Why do salt and snow mixed together prodv/x intense cold f 

The salt and snow are both solids ; when they are 
mixed, the salt causes the snow to melt by reason of its 
attraction for water ^ and the water formed dissolves 
the salt : so that both pass frpm the solid to the liquid 
condition, and a large quantity of heat is absorbed. 
As this heat is derived from that which previously ex- 
isted in the solids themselves in a sensible state^ its 
abstraction occasions a reduction of temperature. 

888 Eow is Tieai produced by mechanical action t 

1. By percussion / 2. By friction y and 3. By con- 
densation, 

880 WhcU is meant by percussion f 

The shock produced by the collision of two bodies ; 
as when a blacksmith strikes a piece of iron on his 
anvil with his hammer. 

890 Why does striking iron make it red hot f 

Because it condenses thepa/rticles of the metal, and 
makes the latent heat sensible. 

89X W?i€U is meant by friction f 

The act of rubbinff two things together^ as the Indians 
rub two pieces of wood together to produce fire. 

89S How ds savages produce fire by merely rubbing two pieces of dry 
wood together 7 

They take a piece of dry wood, sharpened to a point, 
which they rub quickly up and down 2i, flat piece till a 
groove is made ; and the dvst (collected in this groove) 
catches fl/re. 

898 Why does the dust of the wood ccUchfire by rubbing f 

Because latent heat is developed from the wood h/ 
friction. 

894 Do not carriage wheels sometimes catch fire f 

Yes ; when the wheels are dn/j or ft too tightly^ or 
revolve very rapidly. 



BCtEttCB or COUUOK THINOS. 
jsed hj frivthni. Uh of gR«a]n^ out wheel&^ 



Re. n. 
F^. 37 repreaenta an Indinn explaining the method of ktodting a fire 
by the friction of two pieces of wood. 
S9B W!iy daiBheelacaickfireinmdiauest 
Because the friction of the wheels against t^e aide- 
tree disturbs their latent heat, and produces ignition. 
see W?ua ti Oe tise of frreoHng cart vilieels f 
Grease lessens the friction ; and, because there is less 
friction, the latent heat of the wheels is less disturbed. 

897 Does a body ever cease lo give oat heat by fiidiont 

Sfof however long the operation may be continued. 

ess What amdiaions respeeting the wUiere of heai have pkSmophen 
dravin from, this foci t 

That lieat cannot be a material suhatance, but merely 
a. pnyperty of matter. 

B8B Why is it easier to produce luat from the fritUon of rough snr- 
foces than smooth onta T 

Because in the friction of rough surfaces certain par- 
ticles are ruhbed off, which, heiny small, are readily coiir 
de-nsed, and made to evolve tlieir latent caloric. 



Because the caloric is forced ovi cf the wood, as it 
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were, by the compression of its parts, and the button 
receives most of the caloric, owing to a stronger attrac- 
tion for it, than is possessed by the wood. 

001 Why does a friction match, drawn over sand paper or oiJier rough 
tubstance, ignite f 

When the match is drawn over sand paper, or other 
rougli substance, certain phosphoric particles are rub- 
bed off, and being compressed between the match and 
the paper, their heat is raised sufficiently high to ignite 
them, and fire the match. If the match be drawn over 
a smooth surface, the compression Tuicst be increased, for 
the temperature of the whole jihosphoric mass must be 
raised in order to cause ignition. 

002 What singtUar property have most living animal bodies f 

The property of maintaining in themselves an equcible 
temperature, whether surrounded by bodies that are 
hotter or colder than they are themselves. 

003 lUustrate this fact. 

The 8ailoi*s of the Arctic exploring expedition during 
the polar winter, while breathing air tli3t froze mer- 
cury, still had in them the natural warmth of 98° Fah- 
renheit above zero ; and the inhabitants of India, where 
the same thermometer sometimes stands 115° in the 
shade, have their blood at no higher temperature. 

00 4: Do vegetables possess in any degree Viis property of mmntairdng 
a constant tempei-aiure within tJieir structure f 

Growing or fresh vegetables have this property to a 
certain extent. 

005 What, (hen, is vital heatf 

^ The heat generated or excited by the organs of a 
living structure, 

©OQ Whxii is the cause of vital or animal heatf 

Tlie cause of animal heat is not certainly known or 
determined; it is supposed to be due to chemical 
action, the result of respiration and nervous excitation, 

907 Has ihe power of animals to preserve a peculiar temperature any 
limits f 

Yes/ intense coed suddenly coming upon a man 

1 
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who has not sufficient protection, first causes a sensation 
of pain, and then brings on an almost irresistible sleepi- 
ness, which if indulged in proves fatal. A great excess 
of heat also cannot long be sustained by the human 
system. 

008 Does each species of animai appeaY to have a peculiar tempera- 
hiref 

Yes ; each species of animal and vegetable appears 
to have a temperature natural .vluA peculiar to itself, 
and from this diversity different races are fitted for 
different portions of the earth's surface. 

OOO What effect does the peculiarity of temperature have upon the dis* 
tribviion and location of animals and plants upon the earth^s surface? 

The different species are confined and circumscribed 
within certain districts^ depending mainly on their re- 
lations to heat. Thus, the orange-tree and the bird of 
Paradise are confined to warm latitudes ; the pine-tree 
and the Arctic bear, to those which are colder. 

OlO What curious fact in relation to a species of whale iUustraies (he 
influence of temperature in defining locations f 

It has been ascertained that at least one species of 
whale is precluded from migrating from the north to 
the south, from its inability to live in the heated waters 
of the equator. 

on Wlien animals or plants are^ removed from {heir peculiar and 
natural districts to one entirely different,' what changes take place f 

They either cea^se to exists or change their character 
in such a way as to adapt themselves to the climate. 

OlS What curious illustrations do we find of this f 

The wool of the northern sheep changes in the tropics 
to a species of hair. The dog of the torrid zone is 
nearly destitute of hair. £ees transported from the 
north to the region of perpetual summer cease to lay up 
stores of honey ^ and lose in a great measure their habiis 
of industry. 

013 How has nature provided for the protection of animals against the 
modifications of tempetaturc f 

By covering their bodies with SLform offur^ or hair^ 
or featliersy in the exact degree required, and tq such 
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an extent as to vary the covering in the same animal 
according to the climate and season. 

014 What one species of wganized beings is fitted to live in all climates f 

Man (done is capable of living in all climates, and of 
migrating freely to all portions of the earth. 



CHAPTEE IV. 

now IIEAT IS COMMUNICATED. 
016 In what three ways may heai he communicated f 

By direct contact^ by conduction and convection^ and 
by radiation. 

©10 How may heai he communicated Iry contact t 

When a hot body touches a cold one, the heat passes 
directly from one into the other, as when it enters a bar 
of iron put into the fire, or the hand immersed in hot 
water. 

Q17 When is heai communicated hy conduction t 

When the heat travels from jparticlc to jpartide oi 
the substance, as from the end of the iron bar placed 
in the fire to that part of the bar most remote from the 
tire. 

018 When is heat communicated hy radiation t 

When the heat leapSj as it were, from a hot to a cold 
body through an appreciable interval of space^ as when 
a body is warmed by placing it before a fire removed 
to a little distance from it. 

01Q In what way does a heated body cool itself t 

First^ by giving off heat from its surface, either by 
contact or radiation^ or ioth conjointly * and, secondly^ 
by the heat in its interior passing from particle to par- 
ticle by conduction through its substance to thesurtaco. 
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G80 In w?uU manner does a cold body become hecUed t 

Firsts by heat passing into its surface either by con- 
tact or radiation^ or hjboth conjointly / and, secondly^ 
by the heat at its surlace passing from particle to pai*- 
ticle through its interior portions hy conduction. 

OSX Does heat pass ihrottgk aU bodies with the same vebciiy f 

No / some substances oppose very little impediment 
to its passage, while thi-ough others it is transmitted 
slowly. 

0232 Into wTiat two classes are bodies divided in respect to their conduC' 
iion of heai t 

Into conductors and non-conductors / the former are 
such as allow heat to pass freely through them ; the 
latter comprise those which do nqt give an easy pas- 
sage to it. 

033 What are Uie best conductors of heai f 

Dense ^ solid bodies^ such as metals, glass, some varie- 
ties of stone, etc. 

0234: W hot are the worst conductors of heai f 

All light djidi porous bodies / such as hair, fur, wool, 
charcoal, and so on. 

0236 Why do some things feel colder than others f 

Principally because they are better conductors^ and 
draw off neat from our body much faster. 

026 Why does a piece of wood blazing at one end not fed hot at the 
otJier t 

Because wood is so bad a conductar that heat does 
not traverse freely through it ; hence, though one end 
of a stick be blazing, the other end may be quite cold. 

QS7 Why does hot metaifeel more intensely wa/rm than hot wool t 

Because metal gives out a much greater quantity of 
heai in the same space of time : and the influx of heat 
isj consequently, more j>erceptwle. 

OS8 Why does a poker, resting on a fender, feel colder than the hearth- 
rug, which is farther off from the fire f 

Because the poker is an excellent conductor^ and 
draws heat from the hand much rrwre rapidly than the 
woollen hearth rug, which is a very bad conductor : 
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tlioiigh both, therefore, are equally warm^ the poker 
eeems to be the colder. 

GSd Why does a stwie or marble hearth feel to the feet colder than a car- 
pet or hearth-rug f 

Because stone and marble are good conductors ; but 
woollen carpets and hearthrrags are very had conduc- 
tors. 

' 030 Why does the stone hearth maJce our feet cold t 

As soon as the hearthstone has absorbed a portion 
of heat from our feet, it instantly disposes of it, and 
calls for Si fresh supply / till the hearthstone has be- 
come of the same temperature as the foot placed upon iU 

031 Do not also the woollen carpet and Iiearth-rug conduct heat from 
ffte human body f 

Yes; but being very Ja<? conductors, they convey 
the heat away so slowly that the loss is scarcely per- 
ceptible. 

Q33 Is the cold hearthstone in reality of the same temperature as Vu 
warm carpet f 

Yes ; everything in the room, except our bodies, is 
really of one temperature / but some things fed colder 
than othere, because they are hetter conductors. 

G33 How long will the hearthstone fed cold to the feel resting onitf 

Till the feet and the hearthstone are both of the sarm 
temperature; and then tlie sensation of cold in the 
hearthstone will go oflf. 

034 Why would not (he hearthstone feet cold, when it is of the sam/f 
iemperalure as our feel f 

Because the heat would no longer rtish out of ouf 
feet into the hearthstone^ in order to produce equi' 
librium. 

035 Why are cooking vessels often furnish^ with wooden handles f 

Because wood is not a good cond^ictor like metal; 
and therefore wooden handles prevent the heat of the 
vessel from rushing into our hands to burn them. 

G36 Why do persons use paper or woollen kettle-h/Mers t 

Because paper and woollen are both very had con- 
diictors of fieat^ in consequence of which the heat of 
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the kettle does not readily pass through them to tlie 
Land. 

037 Does the heat of the boiling keHle never get through the woollen or 
paper kettle-holder T 

Yes ; but though the kettle-holder became as hot as 
tlie kettle itself, it would never yi^eZ so hot. 

038 Why wovld not the ketUe-Jwlder feel so hot as the ketUe, when both 
are of the same temperature. 

Because it is a very lad conductor, and disposes of 
its heat too slowly to he perceptible y but metal (being 
an excellent conaiictor) disposes of its heat so quickly^ 
that the sudden influx is painful. 

03Q Whert, we plunge our hands into a basin of water^ why does it prO' 
duce a sensation of cold f 

Because water is a better conductor than air ; and, as 
it draws off the heat from our hands more rapidly^ it 
feels colder. 

040 Why does the conducting power of water make it fed colder than 
airt 

Because it abstracts heat from our hands so rapidly 
that we feel its loss ; but the air abstracts heat so very 
slowly that its gradual loss is hardly perceptible. 

©41 Is water a good conductor of heat f 

No ; no liquid is a good conductor of heat ; but yet 
water is a much better conductor than air. 

042 Why is water a better conductor of heat than air f 

Because it is more dense / and the conducting power 
of any substance depends upon its solidity^ or tlie close- 
ness of its particles. 

043 How do you know that water is not a good conductor of heat f 

Because it may be made to boil at its surface, without 
imparting suflScient heat to m^lt ice a short distance 
below the surface. 

044 Why are not liquors good conductors ofhecU f 

Because the heat (which should be. transmitted) ^r(?- 
duces evaporation, and JUes ojf in the vapor. 

046 If air is not a good conductor^ how can we make use of it in 
warming our houses by means of stoves arid furnaces f 
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In the case of a stove or furnace, the air which is in 
contact with the tire or the heated surface, first becomes 
heated, expands, and rises ; cold air rushes in to supply 
its place, is heated, and ascends in like manner, and 
this interchange goes on until all the air in the room is 
heated. 

S4Q If air he a had conductor of heal, why should we not fed as warm 
vnihout clothing as when we are wrapped in wool and fur f 

Because the air (which is cooler than our body) is 
never at rest: and every fresh particle of air draws off 
a fresh 2>ortton of heojt. 

&47 How does the ceaseless change of air tend to decrease the warmth 
of thai part of the body davoid of clothing t 

Thus : the air (which cases the body) absorbs as 
much heat as it can while it remains in contact ; being 
then blown away, it makes room for a fresh coat of 
air^ which absorbs more heat. 

Q48 Does the air which encases a body devoid of (Mhing become (by 
contact) as warm as the body itself f 

It would do so if it remained motionless; but as it 
remains only a very short time^ it absorbs as much heat 
as it can in the time, and passes on. 

040 Why do we fed colder in windy weather than in a calm day f 

Because the particles of air pass over us more rapidly^ 
and every fresh particle takies from us soms portion of 
heat. 

S60 Why are woollens and furs used for doQwng in cold weaXher t 

Because they are very had conductors of heat ; and 
therefore />r^'y^7i^ the warmth of the body from being 
drawn off by the cold air. 

051 Do not wooUens and furs actually impart heat to the body f 

No ; they merely prevent the heat of the body from 
escaping, 

OS23 Where would the heal escape to, if the body were not wrapped in 
wool or fur t 

The heat of the body would fy off into the air ; for 
tlie cold air (coming in contact with our body) would 
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gradually draw away its heat^ till it was as cold as the 
air itself. 

053 What^ then, is ilie principal use of clothing in minier-time f 

1. To prevent the animal heat from escaping too 
freely ; and 

2. To protect the body from the external air (or wind), 
which would carry away its heat too rapidly. 

064: Why are woolj fury hair, and feaihers such slow conductors oflieaif 

Because a grea;t quantity of air lurks entangled 
between the fibres ; and air is a very had conductor of 
heat. 

The warmest clothing is that which fits the body rather loosely^ because 
more hot air will be confined by a moderately hose garment than by one 
which fits the body tightly, 

355 How are whales^sealSy and other warm-blooded animais thai live in 
Vte water protected against the cold f 

They are enveloped, beneath the sJcin^ with a thick 
coating of " hlvhher^^ or fat^ which, like fur, hair, and 
feathers, is a non-conductor of heat, and serves to pro- 
tect them in Uke manner. 

060 Why are blankets and warm woollen goods altoays made wWi a 
nap or projection of fibres on Hie outside t 

Because the ncp or jibres retain air among them, 
which, from its non-conducting properties, serves to 
increase the warmth of the material. 

OC? How does the covering of hair ^ wool, and feaihers serve to keep ani- 
mals cool in hot weaiher, as well as warm in cod weather f 

In warm weather the non-conditcting medium will 
not allow the heat to enter the ho^y from without : in 
cold weather the heat of the body cannot escape jrom 
within. 

©58 Why do we wrap up ice in flannel to keep it from melting f 

Because the flannel, being a non-conductor, does not 
allow the heat of the atmosphere to penetrate to the ice. 

©5Q In the constntction of icehouses, why do we line the waUs and roof 
with straw w sawdust ? 

Because these substances are bad conductors of heat. 

Geo Why is it good economy to furnish our houses in winter with doubk 
windows f 
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The air confined between the two surfaces of glass is 
a non-conductor of heat, and equally opposes the escape 
of caloric from within, or the penetration of cold air 
from without. 

061 Why does a linen garment feel colder than a cotton onef 

Because linen is a much hetter conductor than cotton ; 
and therefore (as soon as it touches the body) it draws 
away fhe heat more rapidly^ and produces a greater 
sensation of cold. 

062 Why is the face cooled by wiping the temples with a fine camhric 
handkerchieff 

Because the fine fibres of the cambric have a strong 
capillary attraction for moisture^ and are excellent con- 
ductors of heat ; in consequence of which tlie moisture 
and heat are abstracted from the face by the cambric, 
and a sensation of coolness produced. 

063 Why woidd not a cotton handkerchief do as weU f 

Because the coarse fibres of cotton have less capillary 
attraction, and are very bad conductors; in conse- 
quence of which the heat of the face would be increased 
(leather than diminished^ by the use of a cotton hand- 
kerchief. 

©64: Js the soil a good conductor ofheai f 

No ; it is a very bad conductor of heat. 

©05 Why is the soil a had conductor ofheai f 

Because its particles are not continuous; and the 
power of conducting heat depends upon the density of 
Wyatter. 

©eo Why is the soU (below (he surface) warmer in winter than (he sur* 
face itself f 

Because it is a bad conductor of heat ; and therefore 
(although the ground be frozen) the frost rarely pene* 
trates more than 2ifew inches below the surface. 

©07 Why is the soil (below the surface) cooler in summer than the sur- 
face itself f 

Because it is a bad conductor of heat ; and therefore 
(although the surface be scorched with the burning sun) 

1* 
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tlie intense heat cannot penetrate to tte roots of the 
plants and trees. 

068 Show the wisdom of the Creator in making the soil a had con- 
ductor. 

If the heat and cold cotdd penetrate the soil deeply 
(as freely as the heat of a nre penetrates iron), tho 
springs would be dried up in summer and frozen in 
winter ; and all vegetation would perish. 

060 Why is waierfrom a spring always cool, even in sumrrver t 

Because the soil is so bad a conductor^ that the burn- 
ing rays of the sun can penetrate only a few inches below 
the surface ; in consequence of which the springs of 
water are not affected by the heat of summer. 

070 How does the non-conducting power of snow protect vegetables from 
ike frost and cold t 

It prevents the heat of the soil from being drawn off 
by the cold air which rests upon it. 

Q71 Why is snow a non-condttctor of heat t 

Principally because it contains a large quantity of 
air between its particles. 

0723 Why is it cool under a shady tree in a hot summer's day t 

1. Because the overhanging foliage screens off the 
rays of the sun / 

2. As the rays of the sun are warded off, the cir 
(beneath the tree) is not heated by the reflection of the 
soil; and 

3. The leaves of the trees, being non-conductors, 
also obstruct the transmission of heat. 

Q73 Why does a metal spoon Qeft in a kettle) retard the process of 
hailing t 

. Because the metal spoon (being an excellent con- 
ductor) carries off the heat from the water j and (as 
heat is carried off by the spoon) the water takes a 
longer time to boil. 

074 Why does paint preserve wood t 

1. Because it covers the surface of the wood, and 
prevents both air and damp from penetrating into the 
pores ; 
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2. Because paint (especially white paint), being a 
had conducUyr^ preserves the wood of a more uniform 
temperature ; and 

3. Because it fills up the pores of the wood, and pre- 
vents insects and vermin from harboring therein and 
eating up the fibre. 

Q76 Why art fwnuKXS and stoves (wTiere mutch Tieat is required) buHt 
of porous bricks f 

Because bricks are had conductors^ and prevent the 
escape of Keai / in consequence of which they are em- 
ployed where great heat is required. 

©70 Why do cellars feel warm in wirUert 

Because the external air has not free access into them ; 
in consequence of which they remain almost at an e^en 
temperature^ which (in winter-time) is about 10 degrees 
warmer than the external air. 

077 Why do cellars feel cold in summer t 

Because the external air has not free access into them ; 
in consequence of which they remain almost at an even 
temperature^ which (in summer-time) is about 10 de- 
grees colder than the external air. 

Q78 Why do the Laplanders wear skins with the fur inwards? 

Because the dry skin prevents the wind from pene- 
trating to their body ; and the air (between the nairs 
of the fur) soon becomes heated hy the hody / in conse- 
quence of* which the Laplander in his fur is clad in a 
case of hot air^ impervious to the cold and wind, 

Q70 In whai respect is hark especially adapted as a covering for trees 
and shrubs f 

Bark is composed of matter which is very slowly per- 
meahle hy heat, and, like hair and fur in animals, is es- 
pecially adapted for securing the temperature necessary 
to vegetable Ufe. 

080 Whai is the temperature of ihe sap of heaUhy trees during the 
sumTnerf 

It is several degrees helow that of the surrounding at- 
mosphere. 

081 Whai is (he temperature of Oie sap of a healthy tree in Hie winter f 



152 SCIENCE OF COMMON THINGS, 



Temperature of trees. Flannels and furs not really warm. 

Several degrees above that of the suiTOunding atmo- 
sphere. 

08i3 What occasions this difference between the temperature of the sap 
of a tree and the temperature of the surrounding atmosphere t 

The vital action of the tree. 

It is also a noticeable fact that sap drawn from a tree will freeze at th« 
same temperature as water, while the sap circulating in the tree, under 
jthe influence of vital agency, will not freeze until reduced seveniesn degrees 
f below the freezing-point of water. 

\ G83 Why in a frozen pond or lake is the ice always thinner^ and often 
entirely wanting^ in those parts wliere springs exist upon the bottom f 

Because the spring water, coming from a point in 
the earth helow the influence of the frosts, Is elevated 
in temperature, and by imparting its heat prevents an 
accumulation of ice upon the surface above. 

©84 Is there in reality any positive warmth in the rnaierials of doth- 
ingf 

No ; but we consider clothing warm or cool accord- 
ing as it impedes or facilitates the passage of heat to or 
from the surface of our bodies. The thick cloak which 
guards a Spaniard against the cold of winter is also in 
summer used by him as a protection against the direct 
rays of the sun ; and, while in temperate climates flan- 
nel is the warmest article of dress, we cannot at the 
same time preserve ice more effectually than by inclos- 
ing it in its softest folds. 

086 Does fine or coarse wooUen doth make the warmest dothing f 

The finer the cloth, the more slowly it conducts heat. 
Fine cloths, therefore, are warmer than coarse ones. 

086 Is silk a good conductor of heal t 

No ; it is a bad conductor of heat. Spun silk allows 
the heat of the body to pass off more quickly than wool ; 
but raw silk confines it more than wool. 

087 Tlie sheets of a bed feel cold and the blankets warm : is there any 
difference in ilie respective temperature of these articles t 

No ; the temperature of both the sheets and the blan- 
kets is always exactly the same, 

©88 Why, then^ does one feel colder than the other t 

Sheets feel colder than tlie blankets because they are 
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hetter conductors of heat^ and cany off the heat more 
rapidly from the body ; but when by the continuance 
of the body between them they acquire the same tera- 
peraturcj they will then feel even wanner than the 
blankets. 

©8S In (he summer a still, calm atmx)sphere feels warm, but if a wind 
arises, i?ie same atmospfiere feels cold : Juts iJiere been any real cJiange of tem- 
perature f 

No ; for a thermometer suspended under shelter and 
in a calm place w^ill indicate tlie same temperature as a 
thermometer on which the wind blows. 

000 Why do we then consider that the air has grown colder f 

Because the air in motion by the wind conducts off 
the heat from our bodies faster than the same air at 
rest. 

001 WhxjA is meant by the convection of heat f 

Heat communicated by being carried to another 
thing or place ; as the hot water resting on the bottom 
of a kettle carries heat to the water through which it 
ascends. 

OOS 'Are liquids good condudors'9f h^cUf 

No ; liquids are bad conductors ; and are therefore 
made hot by convection. 

Od3 Why are liquids bad conductors ofhwt f 

This peculiarity is referable to the mobility which 
subsists among the particles of all fluids^ and to the 
change in the size of the particles, which is invariably 
produced by their change in temperature. 

The constituent particles of solid bodies being incapAble of changing 
their material position and arrangement, the heat can only pass through 
them, from particle to particle, by a slow process ; but when the particles 
forming any stratum of liquid are heated, their mass, expanding, becomes 
lighter, bulk for bulk, than the colder stratum immediately above it, and 
ascends, allowing the superior strata to descend. 

004 Explain how water is made hot 

When the heat enters at the bottom of a vessel con- 
taining water, a double set of currents is immediately 
established, — one of hot particles rising towards the 
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surface^ and the other of colder particles 
descending to the hoUom. Tlie portion of 
liquid which receives heat from below is 
thus continually mixed through the other 
parts, and the heat is diftused by the mo- 
tion of the particles among each other. 

These currents take place so rapidly, that if a thermo- 
meter be placed at the bottom and another at the top 
of a long jar, the fire being applied below, the upper one 
will begin to rise almost as soon as the lower one. The 
movement of the particles of water in boiling will be 
Fig. 38. understood by reference to Pig. 88. 

006 Whai common experiment proves thai waterns a had conductor of 
heatt 

When a blacksmith immerses his red-hot iron in a 
tank of water, the water which surrounds the iron is 
made boiling hoty while the water not immediately in 
contact with it remains quite cold. 

If a tube nearly filled with water is 
held over a spirit lamp, as in Fig. 39, in 
such a manner as to direct the flame 
against the upper layers of the water, 
the water will be observed to boil at the 
top, but remain cool below. If quicksil- 
ver, on the contrary, be so treated, its 
pj^ gj^ lower layers will speedily become heated. 

The particles of mercury will communi- 
cate the heat to each other, but the particles of water will not do so. 

©0S Why is water in such continual ferment when it is boUing t 

This commotion is mainly produced by the ascend- 
ing and descending currents of hot and cold water. 

The escape of steam from the water contributes also to increase this 
agitation. 

©QT Bow do these two currents pass each other f 

The hot ascending current rises up through the centre 
of the mass of water ; while the cold descending cur- 
rents pass down by the metal sides of the kettle. 

0©8 Why is heat applied to the bottom^ and not to (he top of the ketUe f 

Because the heated water always ascends to the sur- 
'face^ heattng the water through which it passes ; if, 
therefore, heat were applied to the top of a vessel, the 
water helow the surface would be heated very slowly. 
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OQQ As (he lower part of a grate is made red hot by the fire aJbove^ why 
would not ifie water boil if fire were applied to the top of a kettle f 

The iron of a grate is an excellent conductor ; if, 
therefore, one part be heated, the heat is conducted to 
every other part ; but water is a very bad conductor^ 
and will not diffuse heat in a similar way. 

lOOO If you wish to cool liquids^ where sJunUd (he cold be applied f 

To the icfp of the liquid; because the cold portions 
will always descend^ and allow the warmer part to come 
in contact with the cooling substance. 

lOOX Does boiling water get hotter by being kept on^(hefire f 

No ; not if the steam be suffered to escape. 

1002 Why does not boiling waier get holler if the steam be suffered to 
escape f 

Because the water is converted into steam as fast as 
it boils ; and the steam carries away the additional 
heat. 

1003 What is ebuUitimt 

When a liquid substance is heated sufficiently to 
form steam, the production of vapor takes place princi- 
pally at that part where the heat enters ; and when the 
heating takes place not from above, but from the bot- 
tom and sides, the steam as it is produced rises in bub- 
bles through the liquid, and produces the phenomenon 
of boiling or ebullition. 

1004 What do we mean by the boiling point of a liquid f 

Tlie temperature at which vapor rises with sufficient 
freedom to cause the phenomenon oiebuUition is called 
the boiling point. 

1006 Do aU liquids boU at the same temperature f 

No ; the boiling point occurs in different liquids at 
very different temperatures. 

1006 Why does miOc boU over more readily than water t 

Because the bubbles of milk, produced by the pro- 
cess of boiling, are more iena,cums than the bubbles of 
water ; and these bubbles, accumulating and climbing 
one above another, soon overtop the rim of the saucepan 
and run over. 

1007 Why does water simm^er before it boils t 
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Because the particles of water near the hottonv of the 
kettle (being formed into steam sooner than the rest) 
shoot upwards^ but are condensed again (as they rise) 
hy the colder water ^ and produce what is called " sim- 
mering." 

1008 Whai is meant hy simmering t 

A gentle tremor or undtdation on the surface of the 
water. When water simmers^ the bubbles collapse 
heneath the svnfface^ and the steam is condensed to water 
again ^ but when water ioUs^ the bubbles rise to the 
surface^ and the steam is thrown o^. 

1009 Why does boiling water swell f 

Because it is expamded hy the heai / that is, the heat 
of the fire drives the particles of water fartJier apart 
from each other, and (as they aVe not pached so chsely 
together") they take up mx>re room; in other words, the 
water swells. 

1010 Why does hoUing water huhhle f 

Because the vapor (rising through the water) is 
diffused^ and forces up bubbles in its effort to escape. 

All the air of water is expelled at the commencement of its boiling. 

1011 Why does a kettle sometimes hoit over f 

Because the water is expanded by lieai / if, therefore, 
a kettle is filled with cold water^ some of it must run 
over as soon as^ it is expanded hy heat. 

lOlS Bid I have seen a ketUe boil over^ although it has riot been filled 
JvM of water : how do you accownifor thai f 

If a fire be very fierce, the air and vapor are expelled 
so rapidly, that the hubbies are very numerous, and 
(towering one above another) reach the top of the kettle, 
BXi&fall over. 

1013 Why is a pot (which was full to overflowing while the water was 
boiling Jwt) not full after it has been taken off the fire for a short time f 

Because (while the water is hailing) it is expanded 
by the heat, and fills the pot even to overflowing ; but 
when it becomes cool, it contracts again, and occupies a 
much less space. 

1014 When steam pours md from the spout of a kettle, the stream 
begins apparently IwXf an inch off ihe spout: why does il not begin dose to 
Vie spout f 
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Steam is really iiivisible / apd the half inch (between 
the spout and tne " strea/m of mist'''') is the real steain^ 
before it has been condensed by air. 

1016 Why is not all the steam invisible as well as thai half inch f 

Because the invisible particles are condensed by the 
cold air^ and, rolling one into another, look like a tliick 
mist. 

lOlS What "becomes of the steam^ for it soon vanishes t 

After it has been condensed into mist, it is dissolved 
ly the air^ and dispersed abroad as invisible vapor. 

1.0V7 And what becomes of the invisible vapor ? 

Being lighter than air, it ascends to the upper regions 
of the atmosphere, where (being again condensed) it con- 
tributes to form clouds. 

1018 Why do sugaVj salty rtc, retard the progress of hoUing t 

Because they increase the density of water ; and 
whatever increases the density of a fluid retards its 
boiling. 

lOlO Why can liquids impart no additional heat after (hey boil t 

Because all additional heat is spent in making steam. 
Hence water will not boil a vessel of water immersed in 
it, because it cannot impart to it 212° of heat; but 
brine will, because it can impart mxrre than 212° of heat 
before it is itself converted into steam. 



Ether . . boils at 100 degrees 
Alcohol . . " 173i " 
Water. . . *' 213 " 
Water, with one- fifth salt, 
boils at 219 " 



Syrup . . boils at 221 degrees 
Oil of turpentine 314 *' 
Sulphuric acid 472 " 
Linseed oa " 640 " 
Mercury . . " 656 " 



Any liquid which boils at a lower degree, can be made to boil if im- 
mersed in a liquid which boils at a higher degree. Thus a cup of ether 
can be made to boil in a vessel of water ; a cup of water, in a vessel of 
brine or syrup ; but a cup of wafer will not boil if immersed in ether, nor 
a cup of syrup in water. 

lOSO Js tJie boiling point of the same liquid always constant ? 

Yes, under the same conditions / but it is liable to be 
affected by various circumstances. 

lOQl What cause has a powerfvX infliience in regvkUing the boiling 
point of liquids f 

The pressure of the atmosphere : if the pressure be 
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less than usual, then the boiling point of water and all 
other liquids wili be lower than usual ; if the pressure 
increases, and the barometer rises, the temperature of 
ebullition will be proportionably increased. 

XOQQ If (he atmospheric pressure he entirely removed^ or if water he 
made to hoil in a va^umn^ at what temperature wiU ebuUiiion commence f 

At a point 140° lower than in the open air. 

1023 To what temperature can water exposed to the air he Tieaied under \ 
ordinary circumstances f 

To about 212° Fahrenheit ; at this temperature water 
passes into steam or vapor. 

102^ Can water he heated heyond2l2'"l 

Yes ; if subjected to sufficient pressure^ it can be heated 
to any extent without boiling. Tliere is no limit to the 
degi'ee to which water may be heated, provided the 
vessel is strong enough to confine the vapor ; but the 
expansive force of steam is so enormous under these 
circumstances, as to overcome the greatest resistance 
which has ever been exerted upon it. 

XOS6 Why does soup keep hot longer than boiling water? 

Because the grease and other ingredients floating in 
the soup retain the heat longer than the particles of 
water, and, at the same time, by their viscidity or tena- 
city, prevent tlie circulation of the heated particles. 

1026 How is air heated f 

By " convecti/ve cn/rrentsy 

1027 Explain what is m^eant hy " convective currents.''^ 

When a portion of air is heated, it rises v/pwards in 
a current^ carrying the heat with it ; other colder air 
sH'Cceeds^ and (being heated in a similar way) ascends 
also : these are called " convective currents." 

" Convective currents" so called from the Latin words cumvedus (carried 
with), because the heat is "canied with" the current 

1028 Is air heated hy the rays of the sun f 

No ; air is 7iot lieated (to any very great extent) 5y tlie 
action of the sun^s rays passing through it. 

X029 Why^ tJieny is the air hotter on a sunny day than on a cUmdy 
onet 
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Because the sun h^aU the surface of the earthy and 
the air (resting on the earth) is heated hy contact / as 
soon as it is heated it ascends^ while its place is sup- 
plied by colder portions, which are heated in turn also. 

1030 If air he a had conductor^ why does hot iron hecome cold hy expo- 
sure to the airf 

Because it is made cold — 1. By " convection ;" and ' 
2. By " radiation." 

1031 Bow is hot iron made cOld hy convection f 

The air resting on the hot iron (being intensely heated) 
rapidly ascends with the heat it has absorbed ; colder 
air succeeding, absorbs more heat and ascends also ; and 
this process is repeated till the hot iron is cooled conir 
pletely down. 

1032 How is hroth cooled hy heing left exposed to (Ke airf 

It throws oSsome heat by radiation j' but it is mainly 
cooled down by convection. 

X033 How is hot hroth cooled down hy convection f 

The air resting on the hot hroth (being heated) as- 
cends ; colder air succeeding absorbs more heat^ and 
ascends also ; and this process is repeated till the broth 
is m,ade cool. 

The particles on the surface of the broth sirik as they are cooled down, 
and warmer paiticles rise to the surface, which gradually assist the cool- 
ing process. 

X034: Why are hot tea and hroth cooled faster hy heing stirred about f 

1. Because the agitation assists in bringing its hottest 
particles to the surface / 

2. As the hotter particles are more rapidly brought 
into contact with the air, therefore convection is more 
rapid. 

1036 Hov) does hlowing hot food make it coolf 

It causes the air (which has been heated by the 
food) to change more rapidly^ and give place to fresh 
cold air. 

1036 If a shuUer he closed in (he daytime, the stream of light (pierc- 
ing through the crevice^ seems in constant agitation : why is this f 

Because little motes andparticles of dust (thrown into 
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agitation by the violence of the convective currents) are 
made visible by the strong beam of light thrown into 
the room through the crevice of the shutter. 

1037 Why does milk boil more quickly than water f 

Milk is a thicker liquid than water, and consequently 
less steam escapes through the thick liquid (milk) than 
through the thin liquid (water) ; therefore the heat of 
the whole mass of the milk rises more quickly. 

1038 Why are fires placed near ihe floor of a room^ and not towards 
(he ceiling f 

Because heated air always ascends. If, therefore, 
the fire were not near the jloor^ the air of the lower 
part of the room would be elevated in temperature very 
slowly. 

1039 WovHd not the air of (he lower part of a room be Jieated equally 
well if the fires were fixed higher up f 

No ; the heat of a fire has a very little effect upon 
the air helow the level of the fire; and therefore every 
fire should be as Tiear to thefioor possible. 

1040 Our feet are very frequently cold when we sit close by a good fire : 
explain the reason of this f 

As the air over the fire becomes heated and rises, 
cold air rushes through the crevices of the doors and 
windows, and along the bottom of the rooin^ to supply 
the deficiency ; and these currents of cold air rushing 
constantly over ourfeet^ deprive them of their warmth. 

1041 What is Tneanl by radiation of Tieat f 

Tlie emission of rays of heat in aU directions. 

When the hand is placed near a hot body suspended in the air, a sen- 
sation of warmth is perceived, even for a considerable distance. If the 
hand be held beneath the body, the sensation will be as great as upon 
the sides, although the heat has to shoot down through an opposing cur- 
rent of air approaching it. This effect does not arise from the heat being 
conveyed by means of a hot current, since all the heated particles have a 
uniform tendency to rise; neither can it depend upon the conducting 
power of the air, because aerial substances possess that power in a very 
low degree, while the sensation' in the present case is excited almost on 
the instant. This method of distributing heat, to distinguish it from heat 
passing 'by contact or conduction, is called radiation, 

10423 How do we designate heat so distributed? 

As radiant or radiated heat. 
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1043 When is heat radiated from one body to another f 

When the two bodies are separated by a non-con^ 
ducting medium, 

1044: On what does radiation depend f 

On the roughness of the radiating surface : thus, if 
metal be scratched, its radiating power is increased, 
because the heat has morej>oints to escape from. 

104S Does afire radiaie heat f 

Yes ; and because hurnina fuel em^its rays of heat^ 
yfefeel warm when we stand before a fire. 

104:Q Why does our face fed uncomfortably hot when we approa/ih a 
firet 

Because the fire radiates heat upon the face, which 
(not being covered) feels the efiect immediately. 

• 

1047 Why does the fire heat the face more than it does the rest of the 
body? 

Because the rest of the body is covered with cloth- 
ing ; which (-being a had conductor of heat) prevents 
the same sudden and rapid transmission of heat to the 
skin. 

1048 Do those svhstances which radiate heat absorb heat also f 

Yes. Tliose substances which radiate most also 
absorb most heat ; and those which radiate least also 
absorb the least heat. 

104Q Does any thing else radiate heat besides the sun and fire f 

Yes ; all things radiate heat in some measure, but 
not equally well. 

X050 What things radiate heat the neoct best to (he sun and fire f 

All ^1^ and dark substances are good radiators o^ 
heat ; but all light and polished substances are bad ror 
diators. 

1051 What is meant by beiTig a ^^ bad radiator of heat f^ 

To radiate heat is to throw off heat by rays, as the 
sun ; a polished tin pan does not throw off the heat of 
boiling water from its surface, but keeps it in. 

IO6S Why does snow (at the foot of a tree or wall) melt sooner than in 
an open field f 
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Utility of blaokenlDg stoyea. Bright metal retains beat Dew 

Because the tree or wall rddiatea heat into the snow 
heneathy which melts it. 

X053 Why should the flues (connected with stoves^ etc.) he alioays black- 
ened with black leadf 

In order that the heat of the flue may be more readi- 
ly diffused throughout the room. Black lead radiates 
heat more freely than any other known substance. 

1054 WoviJid a metai pot serve to keep water hot if it were duU and 
dirty f 

No ; it IS the bright j^ZisA of the metal which makes 
it a bad radiator ; it it were duU^ scratchedy or dirtyj 
the heat would escape very rapidly. 

Water in hot weather is also kept cooler in bright metal than in dttU or 
earthen vessels. 

X05CS Why are dinner-covers made of bright tin or silver f 

Because light-colored and highly-polished metal is a 
very had radiaior of heat; and therefore bright tin or 
silver will not allow the heat of the cooked food to es- 
cape through the cover hy radiation. 



CHAPTEK V. 

THE PHENOMENA OF DEW. 
105e What is Dew t 

Dew is the moisture of the air condensed by coming 
in contact with bodies colder than itself. 

lOST Why is the ground sometimes covered with dew t 

Because the surface of the earth (at sunset) is made 
so very cold by radiation, that the warm vapor of the 
air is chilled by contact, and condensed into dew. 

1058 Why is the earth made colder .than the air after the sun has set f 

Because the earth radiates heat very freely, but the 
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Cause of dew. When most dew Is deposited. Difference between dew and rain. 



air does not; in consequence of which the earth is 
often five or ten degrees colder than the air (after sun- 
set), although it may have been warmer than the air 
during the whole day. 

10&9 W\y is the surface of the earth generally warmer than the air 
during Vie day f 

Because the earth absorbs solar heat very freely, but 
. the air does not ; in consequence of which it is often 
'many degrees warmer than the air during the day. 

1060 Why is the surface of the ground colder in a fine night than in a 
cloudy onef 

Because on a fine, clear, starlight night, heat radiates 
jfrom the earth freely^ and is lost in open space; but 
on a duU night, the clouds a/rrest the process of radir 
ation. 

lOQl Why is dew deposited most readily on afine^ clear night f 

Because the surface of the ground radiates heat most 
freely on a fine night, and (being cooled down by tliis 
loss of heat) chills the vapor of the air into dew. 

loss Why is there no dew on a duUj cloudy night f 

Because the clouds arrest the radiatiofi of heat from 
the earthy and (as the heat cannot freely escape) tlie 
surface is not suflSciently cooled down to chiU the vapor 
of the air into dew. 

1063 Why is a cloudy night warmer than afine^ clear night f 

Because the clouds prevent the radiation of heat from 
the earth / in consequence of which the surface of tlie 
earth remains warmer. 

1064 How do clouds arrest or prevent the radiation of heat from the 
earth f 

The lower surfaces of the clouds turn back the rays 
of heat as they radiate or pass off from the earth, and 
prevent their dispersion into space. 

106CS What is the difference between dew and rain f 

In dew, the condensation is made near the eartKs 
smface. In rain^ the drops fall from a considerable 
height. 

X066 Whai is the cause of both dew and rain f 
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Sitaations in which no dew is depoeited. 

Cold condensing tlie vapor of the air wlien near the 
point of saturation. 

lOQT' Why do mist and fog vanish at sunrise^ 

Because the condensed particles are again changed 
into invisible vapor by the heat of the sun. 

106S Why is dew most abundant in sittuUions most exposedf 

Because the radiation of heat is not arrested by- 
houses, trees, hedges, or any other thing. 

XOSQ Why is there scarcely any dew under a leafy tree f 

1. Because the thick foliage of a tree arrests the radi- 
ation of heat from the earth / and 

2. A leaty tree radiates some of its own heat towards 
the earth / m consequence of which the ground under- 
neath a tree is not sufficiently cooled down to chill the 
vapor of the air into dew. 

1070 Why is there never much dew at the foot of walls and hedges? 

1. Because they act as screens to arrest the radiation 
of heat from the earth / and 

2. They themselves radiate some portion of heat 
towards tne earth ; in consequence of wliich the ground 
at the foot of walls and hedges is not sufficiently cooled 
dovm to chill the vapor of tne air into dew. 

1071 Why is (here no dew on a windy nigJdf 

1. Because the wind evaporates the moisture as fast 
as it is deposited ; and 

2. It distv/rbs the radiation of hea;t^ and thus dimi- 
nishes the deposition of dew. 

1073 Why are vaUeys and hoUows often thickly covered with dew, 
although they are sheltered t 

Because the suiTOundinff hills prevent the agitation 
of the air, but do not overhang and screen the valleys 
sufficiently to arrest the radiation from their surfaces. 

1073 Why does dew faU more aJmndantly on some substances than on 
others f 

Because some substances radiate lieat more freely 
than others, and therefore become much cooler in the 
night. 
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Plants requiring the most moisture condense the most dew. 

XOT^ Why are svhsiances which radiate the heat most fredy always 
the most thickly covered with dew f 

Because tliey are the coldest substances, and there- 
fore condense vapor most readily. 

1075 What kind of maiericds radiate heai most freely f 

Grass, wood, and the leaves of plants radiate heat 
very freeli/ ' but polished metal, smooth stones, and 
woollen clotli part with their heat very tardily. 

lOTQ Do the leaves of aU plants radiate heai equally weUt 

No. Rough, woolly leaves (like those of a hollyhock) 
radiate heat much more freely than hard^ smooth po- 
lished leaves^ like those of the common laurel. 

1077 Shmo the wisdom of the Creator in making grassj the leaves of 
treeSj and aU vegetables, excellent radiators of Jveat f 

As vegetables require rmtch moisture^ and would 
often perish without a plentiful deposit of dew, the 
Creator wisely made them to radiate heat freely^ so as 
to chill the vapor (which touches them) into dew. 

1078 Will polished m>etal, smooth stones, and woollen cbUi readily col- 
lect dewf 

1^0, While grass and leaves of plants are completely 
drenched with dew^ a piece of polished Tnetaf or of 
woollen cloth (lying on the same spot) will be almoin 
dry. 

107Q Why would polished metal and woollen cloiJi he dry, while grass 
and leaves are drenched with dew f 

Because the polished metal and woollen cloth part 
with their heat so slowly^ that the vapor of the air is 
not chilled into dew as it passes over them, 

XO8O Why is a gravel walk almost dry when a grass-plat is covered 
thick with dew f 

Because grass is a good radia^tor^ and throws off its 
heat very jreely / but gravel is a very had radiator^ 
and parts with its heat very slowly. 

IO8I Is tluU the reason why grass is saturated with dew, and tJie gra- 
vel is not t 

Yes. When the vapor of warm air comes in contact 
with the cold grasSy it is instantly chilled into dew ; but 

8 
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Dew on rocky and on fertile BotK Dew most abundant after a hot daj. 

it is not 80 freely condensed as it passes over gravel, 
because gravel is not so cold as the grass. 

108J3 Why does dew rarely fall upon hard rocks and barren lands f 

Because rocks and barren lands are so compact and 
hardj that they can neither absorb^ nor radiate much 
Jieat; and (as their temperature varies hit very Utile) 
very little dew deposits upon them. 

1083 Why does dew faU more abundantly on cuUivaied soils than on 
"barren lands t 

Because cultivated soils (being loose and porotis) 
very freely radiate by night the heat which they ab- 
sorb by day ; in consequence of which they are micch 
cooled down, and plentifully condense the vapor of the 
passing air into dew, 

1084 Show the wisdom of Vie Creator in this arrangement? 

Every plant and inch of land which needs the moist- 
ure of dew is adapted to collect it ; but not a single 
drop is wasted where its refreshing moisture is not 
required. 

XO&S When is dew most copiously distilled t 

After a hot day in summer or autumn, especially if 
the wind blows over a body of water. 

X086 Why is dew distilled most copiously after a hot day t ^ 

Because the surface of the hot earth radiates heat 
very freely at sunset, and (being made much colder 
than the at?*) chills the passing vapor and condenses it 
into dew. 

XO&V Why is there less deta when the wind blows across the land, than 
when it blows over a body ofwoJ/er t 

Because the winds which blow across the land are 
dry and arid; but those which cross the water are 
moist and full of vapor. 

1088 How does the dryness of the wind prevent dew-falls f 

As winds (cuiTcnts of air) which blow over the land 
are very dry, they imbibe the moisture of the air ; in 
consequence of which there is very Utile left to be con- 
densed into dew. 

1033 Why is meat very subject to taint on a moonligJU night f 
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Protection against Arost. Cause of fog and mist. 

Because it radiates heat very freely in a bright moon- 
light night ; in consequence of which it is soon covered 
with dew^ which produces rapid decom/position. 

lOQO How do tnoordighi nights condtice to the rapid growth of plants f 

Kadiatioii is carried on very rapidly on bright moon- 
light nights ; in consequence ot which dew is very 
plentifully deposited on young plants, wliich conduces 
much to their growth and vigor. 

lOQl Why is the air in immediate contact with the earthy on a clear 
mghif cooler than die air ai a little distance fro^n the surface f 

Because it parts with its heat to the earth, which in 
turn loses it by radiation. 

X002 Ebw can a thin covering of bass^ or even muslin^ protect trees 
from frosts 

Because any cohering prevents the radiation of heat 
from the tree ; and if trees are rwt cooled down by radi- 
ation, the vapor of the air will not he frozen as it comes 
in contact with them. 

Bass — ^a kind of matting used by gardeners. 

1093 Why is the bass or canvas itself {which covers the tree) always 
drenched with dew t 

Because it radiates heai both upwards and downr 
wards / in consequence of which it is so cooled down 
that it readily ckMs the va/por of the air into defw. 

X094 Whai is the cause of mist or earth-fog f 

If the night has been very calm^ the radiation of heat 
from the earth has been very abundant ; in consequence 
of which the air (resting on the earth) has been chilled^ 
and its vapor condensed into a thick mist. 

109CS Why does not the mist become dew f 

Because the chill of the air is so ra^id^ that vapor is 
condensed yjMi^/* than it can be deposited and (covering 
the earth as a mist) prevents any farther radiation oj 
heat from the earth. 

10d6 Whjen the earth can no longer radiate heat upwards^ does it con- 
iinue to condense the vapor of the air f 

No ; the air (in contact with the earth) becomes about 
equal in temperature with the surface of the earth it&elf ; 
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Mist and dew vanish at sunrise. No dew in citiea 

for which reason the mist is not condensed into dew, but 
remains ^a^m^ above the earth as a thick cloud. 

1007 This mist seems to rise higher and higher^ and yet remains quite 
as dense below as at first: explain the cause of this. 

Tlie air resting on the earth is first chilled, and chills 
the air resting on it ; the air which touches this new 
layer of mist being also condensed, layer is added to, 
layer ; and thus the mist seems to be rising, when (in' 
fact) it is only deepening. 

10Q8 Why do mist and dew vanish as the sv/n rises f 

Because the air becomes warmer at sunrise, and aJ- 
9orhs the vapor. 

lOQQ Can the dew properly be said to "/afl ? " 

Now ; dew is always formed upon the surfojce of the 
material upon which it is found, and does not fall from 
tlie atmosphere. 

1100 Does the color of an object influence (he deposition of dew t 

It does to a considerable extent. 

1101 ffow can this be shown f 

If we take pieces of red, black, green, and yellow 
glass, and expose them when the dew is condensing, we 
shall find that moisture will show itself ^st on the 
yellow and then on the green glass, but that none will 
appear on the red or black glass. The same thing will 
take place if we expose colored fluids in white glass 
bottles. 

IIOQ Why is the deposition of dew rajrdy observed in the dose and 
sheltered streets of cities f 

Because there the objects are necessarily exposed to 
each other's radiation, and an interchange of heat takes 
place, which maintains them at a temperature uniform 
with the air. 

1103 When is dew converted into frost t 

If the temperature of the earth, or of the vessel, sink 
to the freezing point or below, the moisture will be de- 
posited as before ; but by freezing, it assumes the solid 
form, and is called frost. 

H04: Why is a dew-drop round t 
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Why a dew-drop is round. "Why a dack is not wet with water. 

-- - 

Because every part of it is equally halcmced ; and 
therefore there is no cause why one part of the drop 
should be farther from the centre than another, 

llOS Why wiU dew-drops roU about ccibbage plants^ poppies^ <fcc, wiih- 
out wetting the surface f 

Because the leaves of cabbages and poppies are 
covered with a very Jine waxen pdwder, over which the 
dew-drop rolls without wetting tlie surface, as a drop of 
rain would over dust. -- 

llOS Why does not a drop of rain wet (he dust over which it roUst 

Because dust has no affinity for water, and therefore 
repels it. 

1107 Why can swans and ducks dive under water without being wetted f 

Because their feathers are covered with an oily secre- 
tion^ which has no aflinity for water, and therefore re- 
pels it. 

1108 Whai is the figure which water always assumes when unsupported, 
or supported on a surface having litUe attraction for il f 

Tlie figure of a sphere. This figure becomes more or 
less globular or spheroidal in its sYiape, as the attraction 
of the substances upon which it is received increases or 
diminishes ? 

11O0 What is the form of a drop of rain when descending in (he air t 

A sphere. 

1110 Why should drops ofwaJter^ resting upon surfaces which have no 
affinity for thenij assume a spheroidal shape f 

Because such surfaces not having so great an attrac- 
tion for the drops of water as the particles of water have 
for each other, the drops tend to preserve, as nearly as 
possible, the spheroidal form which they would have 
if entirely unsupported, as when falling as drops of 
rain. 

1113. Is dew ever formed upon the surface of water f 

The formation of dew upon ships which traverse the 
vast solitudes of the ocean hsis never been noticed ; and 
it has been ascertained by experiment that even a small 
quantity of water gains no weight by exposure during 
a single night. 
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No dew on tbe ocean. No dew falls on the human body. 



Although dew dcy s not appear upon ships at a great distance from land, 
it is freely deposited on the same vessels arriving in the vicinity of terra 
firmcL Thus, navigators who proceed from the Straits of Sunda to the 
Coromandel coast, know that they are near the end of the voyage when 
they perceive the ropes, sails, and other objects placed on the deck become 
moistened with dew during the night. 

1118 Why does not dew form upon the surface of water f 

Because whenever the aqueous particles at the sur- 
face are cooled, they become hea/vter than those below 
iiiem, and sink^ while warmer and lighter particles rise 
to the top. These, in their turn, become neavier, and 
descend ; and the process, continuing tliroughout the 
night, maintains the surface of the water and the air at 
nearly the same temperature. 

1113 Is the temperature at which dew is deposited from the air always 
the same f 

No ; when the air is saturated with moisture, a slight 
reduction of temperature occasions a deposition of dew; 
but when the air is very dry, a greater reduction of 
4;emperature is necessary to condense its vapor. 

1114: Why are the exposed parts of the human hody never covered wUh 
dewf 

Because the vital heaty varying from 96° to 98° Fah- 
renheit, effectually prevents such a loss of warmth as is 
necessary to its production. 

1116 In whai countries are the dews most copious and abundant t 

In tropical climates. 

Ill© What is the reason of this f 

Because in those countries there is the greatest dif- 
ference between the temperature of the Say and that 
of the night. 

The development of vegetation is greatest in tropical countries, and a 
great part of the nocturnal cooling is due to the leaves, which present to 
the sky ai) immense number of thin bodies, having large surface^ well 
adapted to radiate heat. 
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BeflecUon of heat What are rays of heat f 



CHAPTEE VI 

SETLEOnON, ABSOBFTIOK, AND TRANSMISSION OF HEAT. 

1117 Whai is mearU by (he refledion of heat f 

Heat is said to be reflected when it is caused to re- 
bound or be thrown back from the surface of a reflect- 
ing body. 

1118 What are (he best reflectors of heat f 

All bright surfaces and light colors. 

IIIQ Are good aJtsorbers of Tieat good reflectors also f 

No ; those things which absorb heat best reflect heat 
worst ; and those which reflect heat worst absorb it best. 

1120 Why are those things which absorb heaJt unable to reflect it f 

Because if anything sitcks in heat^ as a sponge does 
water, it cannot throw it off from its surface ; and if 
anything throws off heai from its surface, it cannot 
drink it in. 

1121 Why are reflectors always made of light-colored and highly^ 
polished metal f 

Because Haht-colored and highly-j^olished metal makes 
the best of all reflectors. 

1122 If metal be such an exceUsTit conductor of heed, how can it reflect 
heal, or throw it offf 

Polished metal is a conductor of heal only when that 
heat is communicated by actuM contact ; but when- 
ever heat falls upon bright metal in rays^ it is refl^ected 
back a/gain^ and the metal remains cool. 

1123 Whai is meant " by heat faUing upon metal in rays,^ and not 
"" by contact r 

If a piece of metal were thrust into a fire, it would 
be in actaal contact with the fire / but if it were hdd 
before a fl/re^ the heat of the nre would fall upon it in 
rays. 

1124 Why win a ketUe be slower in boiling if the bottom and sides are 
dean and bright f 
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Use of white dreBses in sammer. ColdncBS of high mountains. 

Because bright metal does not absorb heat, but re- 
Jlects it ; and (as the lieat is thrown off from the sur- 
face of bright metal by reflection) therefore a new ket- 
tle takes a longer time to boil. 

Reflects heat — that is, throws it off. 

IISO Why do persons wear white dresses in surrnner-iime f 

Because white throws off the heat of the sun by rer 
flection, and is a very bad absorbent of heat ; in con- 
sequence of which white dresses never become so hot 
from the scorching sun as dark colors do. 

IISS Why do persons not wear white dresses in winter-time t 

Because white will not absorb heat like black and 
other dark colors ; and therefore white dresses c^re not 
so warm as dark ones. 

US7 Why are shoes hotter for being dusty f 

Because dull, dusty shoes wjll absorb heat from the 
sun, earth, and air ; but shoes brightly polished throw 
off the heat of the sun by reflection. 

1128 Why do not the solar rays, even in the holiest day, meU the snow 
upon the tops of high mountains, which are nearer to the sun than Vie level 
portions of the earth t 

Because they only heat those bodies which can ab- 
sorb their warmth^ as the rough surface of the earth. 
The snow is indeed struck by the rays of the sun, but 
being a white and shining body, it reflects them, and 
remains cold. 

lis© Why does it always freeze on the top of a high mountain t 

1. Because air is heated by contact with the eartKs 
mirface more than by solar rays which pass through it : 
as a mountain-top affoixis very small surface for such 
contact, it remains intensely cold ; and 

2. When air flows up the side of a mountain, it ex- 
pands from diminished pressure ; and consequently 
absorbs heat from surrounding objects. 

Barefied air can hold more latent heat than dense air can. 

1130 What is the difference between conducting heai and absorbing 
heatf 

To condicct heat is to transmit it from one body to 
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Conduction of heat How fanning cools. 

anotlier through a conducting medium. To absorb heat 
is to such it up^ as a sponge sucks up water. 

1131 Give me an example t 

Bla^k cloth absorbs^ but does not conduct heat : thus, 
if black cloth be laid in the sun, it will absorb the rays 
very rapidly ; but if one end of the black cloth be 
made hot, it would not conduct the heat to the other 
end. 

H3S Are good conductors of heat good absorbers also f 

No ; every good conductor of heat is a bad absorber 
of it ; and no good absorber of heat can be a good con- 
ductor also. 

1133 Is iron a good absorber of hecU t 

No ; iron is a good condu^ctor^ but a very bad ah- 
sorber of heat. 

1134 If apiece of brown paper be suhmitied to the action of a burning- 
glass it mil catch fire mw:h sooner than a piece of white paper wovld : ex- 
plain the reason. 

Because white paper reflects the rays of the sun, or 
throws them back ; in consequence of which it appears 
more luminous, but is not so much heated as dark 
brown paper, which absorbs the rays, and, readily be- 
comes heated to ignition. 

1135 How does the ceaseless change of air tend to decrease the warmth 
of a naked body f 

The air (which cases the body) absorbs as much heat 
from it as it can^ while it remains in contact ; beinj 
then blown away, it makes room for a fresh coat oj 
air^ which readily absorbs more heat. 

1180 Does the air which encases a naked body become (by contact) as 
warm as the body itself f 

It would do SO, if it remained motionless / but, as it 
remains only a very short Ume^ it absorbs as much heat 
as it can in the time, and passes on. 

1137 Why does fanning (he face in summer make it cool f 

Because the fan puts the air in motion^ and makes 
it pass more rapidly over the fo/ce ; and (as the tem- 
perature of the air is usually lower than that of the 

8* 
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Wind genenllj feels oooL XJtllltj of black kettles. 

human yjzc^) each volume of air carries off some portion 
of its heat 

1138 Does a fan cool the air t 

No ; it makes the air hotter by imparting to it the 
heat out of our face / but it cools o\afajce by transfer- 
ring its heat to the air. 

113Q How does fanning the face increase Ihe JiecU of the air f 

By driving the air more rapidly over the human 
body, and causing it, consequently, to absorb more heat. 

1140 If fanning makes Ihe air hotter^ why can U make a person feel 
coolert 

Because it takes the heat out of the face^ and gives 
it to the air. 

1141 Why does wind generaUyfed coolf 

Because it drives the air more rapidly over our body, 
and this rapid change of air draws off a large quantity 
of heat. 

1145 Why does air absorb heat mare quickly by being set in motion t 

Because every fresh gust of air ahsorhs a fresh por- 
tion of heat ; and the more rapid the succession of 
gustSj the greater will be the quantity of heat absorbed. 

1143 If the air were hotter than our body would ihe wind feel cool f 

No ; the air would feel insufferably hot^ if it were 
hotter than our body. 

1144 Why would the air feet intensely hat, if it were warmer than our 
bodyf 

Because it would add to the heat of our body, instead 
of diminishing it. 

1146 Is the air ever as hot as (he human body f 

In the extreme of summer the temperature of the 
air sometimes exceeds the natural temperature of the 
body; and when that is the case, the heat is almost 
insupportable. 

1146 Why does a kettle boU faster when the bottom and sides are 
tovered with soot t 

Because the black soot abso7*bs heat very quickly from 
the fire, and the metal conducts it to the water. 
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Colors most snitable for dresBea. Why a negro never sunbams. 

1147 Why do we wear white linen and a black outer dresSj if we want 
io he warm t 

Because the Mack outer dress quickly ahsorhs Kedt 
from the sun ; and the white linen (being a had absorb- 
ent) abstracts no heat from the warm body. 

1148 Whxd colors are warmest for dresses f 

For outside garments Hack is the warmest, and then 
such colors as approach nearest to black (as dark blue 
and green). White is the coldest color for external 
clothing. 

114Q Why a/re dark colors (for external wear) so much warmer than 
lighi ones f 

Because dark colors absorb heat from the sun more 
abundantly than light ones. 

IISO How can you prove (hat dark colors are warmer Vum lighi ones f 

If a piece of black and a piece of white cloth were 
laid upon snow, in a few hours the black cloth wHl 
ha/oe melted the snow beneath / whereas the white cloth 
will have produced little or no eff'ect upon it at all. 

The darker any color is, the warmer it is, because it is a better absorb- 
ent of heat. The order may be thus arranged : 1, black (warmest of all) ; 
2, violet ; 8, indigo ; 4, blue ; 6, green ; 6, red ; 7, yellow ; and 8, white 
(coldest of all). 

1161 Why does the black skin of a negro never sunburn or blister with 
the hotsunf 

Because the bla^k color absorbs the heat, conveys it 
bdow the surface of the skin, and converts it into senr 
aible heat SLuaperspiraUon. 

llSd Why does the white European skin blister arid bum when 
exposed to the hot sun t 

Because white vnll not absorb heat ; and therefore the 
hot sun rests on the surface of the shin, and bums it 

11S3 Why do most of (he aniTndls inhaMting the frigid zones hav* 
while fur J hair^ or fea£hers t 

Because white radiates and absorbs but little heat. 

1104 Whoi rekUion exists between the power of bodies to absorb and 
€&mmunicaie heatf 

Those bodies which absorb }iQ2iifredy, eiX&opart with 
it most ramdl/y ; that is, they are sooner heated and 
more speedily cooled than other bodies. 
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HS6 At what temperature do metals bum when liandled t 

Metals cannot be handled when raised to a tempe* 
ratiire of more than one hundred and twenty degrees. . 

lies At whai temperature does water scaldt 

At (me hundred and fifty degrees, 

11S7 To whai eocteni can the human system sustain the influence of 
heated air t 

i Workmen enter ovens, in the manufacture of moulds 
of plaster of Paris, in which the thermometer stands 
iOO° above the tetriperature of boiling water ^ and sustain 
no injury. 

If the person so entering a heated oven should hold next to his skin a 
piece of metal, the latter would absorb heat with sufficient rapidity to 
bum the surface with which it was in contact 

lies Why is there so great a difference between the burning ietnperor 
ture of metals and adr f 

The metals absorb heat quichly^ and part with it 
freely / the air absorbs heat very slowly^ and does not 
readily part with it. 

lie© What class of bodies allow heat to pass fredy through (hem f 

Transparent bodies of little density, as the air, the 
various gases, etc., etc. 



CHAPTER VII. 



EFFECT OF HEAT. 



1100 WTiat effect has heat upon substances generally f 

It expands them, or enlarges their dimensions. 

1101 Are the dimensions of every kind of matter regulated by heai f 

Tliey are; its increase, with few exceptions, separates 
the particles of bodies to a greater distance from each 
other, producing expansion^ so that the same quantity 
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Fis. 40. 



Form of bodies dependent on heat. Heat expands all matter. 

of matter is thus made to occupy a larger space ; the 
diminution of heat has an opposite effect. 

The expansion of solids by heat is 
clearly shown by the following experi- 
ment, Mg. 40 : m represents a ring of 
metal, through which, at the ordinary 
temperature, a small iron or copper 
ball, a, will pass freely, this ball being a 
little less than the diameter of the ring. 
If this ball be now heated by the flame 
of an alcohol lamp, it will become so 
far expanded by heat as no longer to 
pass through the ring. 

116S Is (he form of bodies depend- 
ent on heatt 

It is. • 

11S3 Edw is this shown t 

By the increase of heat, solids are converted into 
liquids^ and liquids are dissipated into vapor / by its 
decrease, vapors are condensed into liquids, and tnese 
become solid. 

1164: ff matter ceased to he influenced by heat^ what wovJId he the effect t 

All hquids, vapors, and doubtless even gases, would 
become permanently solidj and all motion on the sur- 
face of the earth would be arrested. 

IISS What are the three most apparent effects ofheatj so far as relates 
to the form and dimensions of bodies f 

Mopansion, liquefaction^ and vaporization, 

116S Does heat expand air f 

Yes ; if a bladder (partiallv filled with air) be tied 
up at the neck, and laid before the ji/re^ the air will 
expamd till the bladder hursts. 

1107 Why wiU the air swell if the bladder be laid before Vie fire t 

Because the heat of the fire will drive the particles 
of air apart from each other, and cause them to occupy 
more room than they did before. 

1158 Does heat expand aU matter t 

Yes ; every thing (that man is acquainted with) is 
expanded by heat. 

1159 Sow can we prove that solids expand with heat t 



1 



178 SCIENCE OF COMMON THINGS. 

■■ ■ " ■■ ■ - ■ ■ ■ ■ I. . ■ I ■ — . .- ^ 

Force of expansion. loe, why li^^ter than water. 

If we take the exact dimensions in leogth, breadth, 
and thickness of any substance when cold^ and measure 
it again when strongly hecUedy it will be found to have 
increased in every direction. 

1170 Do bodies expand wUh the iitcrease of heat, and contract upon iia 
withdrawal, with any degree of force t 

Yes ; the force with which bodies contract and ex- 
pand under the influence of heat is a/pparently i/rresistr 
tblcj and is recognised as one of the greaUst forces in 
nature. 

117^1 WhaJL pecutiarUy exists in (he effect of heat upon (he bulk ofs^nt 
fluids t 

That at a certain temperature increase of heat causes 
them to contract^ and its diminution makes them ex- 
pand, 

1172 What classes of liquids exhibit this peculiarity t 

Those only which increase in bulk in passing from 
the liquid to the solid state, and this change is remarked 
only within a few degrees of temperature above their 
point of congelation. 

1173 WJiat is a noted example of Viis exception to the general laws of 
heatt 

Water / ice swims upon the surface of water, and 
therefore must be lighter, a convincing proof that wa- 
ter in the act of freezing must expand, 

1174 Why is ihe ice produced by the freezing of sea waier always 
fresh and free from salt f 

Because water, in freezing, if in sufficient quantity 
to allow freedom of motion to its particles, expels all 
impurities and coloring matters, 

117c If a solution of indigo be frozen, why unU the ice formed be clear 
and colorless f 

Because the water in which the indiffo was dissolved 
expels all the blue coloring matter while freezing. 

117s Why are blocks of ice generally filed with air-bubbles t 

Because the water, during the act of freezing, expels 
the air contained in it, and many of the liberated bub- 
bles become lodged and imbeaded in the thickening 
fluid. 
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Cause of weather-worn rocks. Cause of icicles. What is ice f 

1177' Is the force created by the ea^ansion of water in (he-act of freezing 
very greait 

Yes ; as an illustration the following experiment 
may be quoted : Cast-iron bomb-shells, thirteen inches 
in diameter and two inches thick, were filled with wa- 
ter, and their apertures or fuse-holes firmly plugged 
with iron bolts. Thus prepared, upon exposure to the 
severe cold of a Canadian winter, about 19° below 
" zero," at the moment the water froze, the iron plugs 
were violently thrust out, and the ice protruded, and 
in some instances the shells burst asunder, thus demon- 
strating the enormous interior pressure to which they 
were subjected by water assuming the solid state. 

1178 WJuU is the principal cause of the rounded and weather-worn 
aspect of some rocks, especially the Umestone and sandstone rocks f 

The eawansion of freezing water : water is absorbed 
into their fissures and pores by capillary attraction, 
and when it freezes during winter, it expands and de- 
taches successive fragments, so that the original sharp 
and abrupt outline is gradually rounded and softened 
down. 

1179 Why, in (he winter, do we let the water run to prevent its freezing 
in the service pipe f 

Because the motion of the water prevents the crys- 
tals of ice from forming or attaching themselves to the 
sides of the pipe. 

1180 Can a lens he made of ice capable of concentrating the rays of the 
sun with sufficient intensity to inflame Substances t 

. Yes ; a ht^ming-lens can be formed of transparent 
ice, of power sufficient to produce effects nearly equal 
to those of the glass lens. 

1181 What is " ground ice,^^ or " anchor ice f 

Ice formed at the bottom of streams or rivers. 

118S Upon what does the formation of icicles depend t 

Upon the successive congelation of drops or slender 
streams of water. 

1183 What is ice t 

Frozen water. When the temperature of water un- 
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Ezpanaion of water in freezing. 

der ordinary circumstances is reduced to 32° of heat, 
water will no longer remain in a fluid state. 

1184 Can water be cooled below 32**, under any circumsianceSj wHkotU 
freezing f 

If pure, recently-hoiled water ^ be cooled ver^ slowly 
and kept vet'y tranquil^ its temperature may be low- 
ered to 21° without the formation of ice ; but the least 
motion causes it to congeal suddenly, and its tempera- 
ture rises to 32°. 

1180 Why is solid ice lighter than water t 

Because water expands by freezing ; and as its bidk 
is increased J its specific gravity must be less. 

Nine cubic inches of water become ten when frozen. 

1180 Why are earthen or porcelain waier vessels apt to break in a 
frosty night t 

Because the water in them freezes^ and {expanding 
by frost) bursts the vessels to make room for its increas- 
ed volume. 

1187 Why does it not expand upwards (like boiling water) and run 
overt 

Because the surface is frozen first ; and the frozen 
surface acts as diplug^ which is more diflficult to burst 
than the earthen vessel itself. 

1188 Why do tHes, stones^ and rocks often split in winter f 

Because the moisture in them freezes^ and (expand- 
ing by frost) splits the solid mass. 

].18d In winter-time, footmarks and wheel-ruts are often covered with 
an icy network^ through the interstices of which the soil is clearly seen : why 
does the water freeze in the form of network t 

Because it freezes first at the sides of the footprints ; 
other crystals gradually shoot across, and would cover 
the whole surface, if the earth did not absorb the water 
before it had time to freeze. 

IIOO In wint&r-time^ these footynarks and whed-ruts are sometimes 
covered with a perfect sheet of ice, and not an icy network : why is (his t 

Because the air is colder and the earth harder than 
in the former case ; in consequence of which the entire 
surface of the footprint is frozen over before the earth 
has had time to absorb the water. 
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Water-pipes often burst in winter. Bottom of a river rarely frozen. 

1101 Why is not the ice solid in these ruts f — why is there only a very 
tJiin film or network of ice t 

Because the earth absorbs rfwst of the water^ and 
leaves only the icy JUm behind. 

1109 Why do water-pipes frequently burst in frosty heather t 

Because the water in them freezes^ and (^expanding 
by frost) bursts the pipes to make room for its increased 
volume. 

1103 Why does the earth crouck in irUense cold wecUher t 

Tlie moisture in the soil in the act of freezing ea>- 
pands^ and forces the particles asunder. The disrup- 
tion of the earth is frequently accompanied with a loud 
sound. 

1104 Does not water expand by heai as well as by cold f 

Yes ; it expands as soon as it is more than 42°, tiU it 
boils / after which time it flies off in steam. 

1106 When does water "begin to expand from cold t 

When it is reduced to 40°. Water is wisely ordained 
to be an exception to a very general rule : it contracts 
till it is reduced to 40°, and then it expands tiU it 
freezes. 

The general rule is this : — That cold condenses and coTdra^ts the volume 
of nearly everything; but water is nat contracted by cold when it freezes 
(which it does at 32°). 

IIOB Why does water expand when it freezes f 

Tlie expansion of water at the moment of freezing is 
attributed to a new and peculiar arrangement of its 
particles. Ice is, in reality, crystallized waier^ and dur- 
ing its formation the particles arrange themselves in 
ranks and lines which cross each other at angles of 60° 
and 120°, and consequently occupy more space than 
when liquid. This may be seen by examining the sur- 
face of water in a saucer while freezing. 

1197 Why is the bottom of a river rarely frozen t 

Because water ascends to the surface as soon as it be- 
comes colder than 42^, and (if it ivQQZQ^ floats there till 
it is melted. 

1198 Show the wisdom of the Creator in this wonderful exception to a 
general law. 
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Whj water f^eexea first at the surface. Why miming water freezes slowlj. 

If ice were heavier than water it would aink^ and a 
river would soon become a sclid block of iccy which 
could never be dissolved. 

The general rule is, that all substances become heavier fix)m condensa- 
tion ; but ice is Ughier than water. 

IIQQ Why does not (he ice on the surface of a river chill ike water 
beneaffif and make it freeze f 

1. Because water is a very had conductor ^ and is 
heated or chilled by convection only ; 

2. If the ice on the surface were to communicate its 
coldness to the water beneath, the water beneath would 
communicate its h^at to the icCy and the ice would in- 
stantly tw^Z^/ and 

3. The ice on the surface acts as a shield, to prevent 
the cold from penetratinff through the river to freeze the 
water below the surface. 

XQOO Why does waier freeze ai the surface firstt 

Because the surface is in conta^ with the air, and the 
air carries away its heat, 

X201 Why does the cocU of ice grow thicker and thicker if the frost 
continues f 

Because the heat of the water (immediately below 
the frozen surface) passes through the ice into the cold 
air, 

1202 Why cure not whole rivers frozen (layer hy layer) tiU (hey he- 
come solid ice t 

Because water is so slow a conductor, that our frosts 
never continue long enough to convert a whole river 
into a solid mass of ice. 

1S03 Why does not running water freeze as fast as stiU water t 

1. Because the motion of the current disturbs the 
crystals, and prevents their forming into a continuous 
surface ; and ^ • 

2. The heat of the under surface is communicated to 
the upper surface by the ^notion of the water, 

1204: When running water is frozen^ why is (he ice generally very 
rough? 

Because little flakes of ice are first formed and carried 
down the sti'eam, till they meet some obstacle to stop 
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Sea water is rarely froien. How the depth of water influences freezing. 

them ; other flakes of ice (impinging against them) are 
ari^ested in like manner ; and the mges of the diJSerent 
flakes overlapping each other, make the surface rough, 

ISOvS Why do some parts of a river freeze less than others f 

Because springs issue from the bottom, and (as they 
bubble upwards) thaw the ice^ or make it thin. 

1206 When persons foM into a river in winter-tim^ why does the water 
feel remarkably warm f 

Because the frosty air is at least ten or twelve de- 
grees colder than the water is. 

The water below the surface is at least 42**, but the air 32", or even 
less. 

ISOT Why is sea water rarely frozen t 

1. Because the Tnass of water is so great, that it re- 
quires a very long time to cool the whole volume down 
to forty degrees ; 

2. Ihe M amd flow of the sea interfere with the 
cooling influence of the air ; and 

3. Salt water never freezes till the surface is cooled 
down to twenty-seven degrees, or five degrees below the 
freezing point of fresh water. 

XS08 Why do som>e lakes rarely (if ever) freeze? 

1. Because they are very deep: and 

2. Because their water is supplied by springs which 
bubble from the bottom. 

120Q Edw does the depth of water inflvence its freezing t 

It is necessary that the whole volume of water should 
be reduced to forty degrees before the surface wHZ 
he^in to freeze / and the deeper the water, the longer it 
Will be before the whole volume is thus reduced. 

ISIO Why do springs at the "bottom of a lake prevent its freezing? 

Because they keep continually sending forth water 
having a temperature ahove that of the mass of the 
water, which prevents the lake from being reduced to 
tlie necessary degree of coldness. 

1.^1^ U is more chiUy in a thaw than in a fro^i : explain the reason 
of this. 

When frozen water is thawed, it absorbs heat from 
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Why it is chilly during a thaw. Caiue of hoar-frost 

the air^ etc., to melt the ice ; in consequence of which 
the heat of the air is greatly reduced. 

1212 To what extent can (he iemperature be reduced by the liquefaction 
of a mixture of the two soUdSj snow and salt f 

By means of a mixture of equal weights of common 
salt and fresh snow (pv pounded ice], a steady temper- 
ature of nearly 40'' oelow the freezing point of water 
can be maintained for hours. 

1213 Bow much heat is required to meU ice t 

The conversion of a cube of ice, three feet on the 
side, into water at 32"", would absorb all the heat pro- 
duced by the combustion of a bushel of coal. 

1214 Why does the frost of winter make the earth in spring loose and 
friable? 

Because the water absorbed' by the earth in warm 
weather, expanding hy the frosty thrusts the particles 
of earth apart from each other, and leaves a chink or 
crack between. 

1215 Show the wisdom of the Creator in this arrangement. 

These cracks in the earth let in air, dew, rain, and 
many gases favorable to vegetation. 

121S Why are deUcaie trees covered with straw in winter t 

Because straw (being a non-conductor) prevents the 
sap of the tree from being frozen. 

1217 What is hoarfrost? 

Tliere are two sorts of hoarfrost : 1. Frozen dew y and 
2. Frozen fog, 

1218 What is the cause of the ground hoarfrost, or frozen dew t 

Very rapid radiation of heat from the earth ; in 
consequence of which the surface is so cooled down^ 
that it freezes the dew condensed upon it. 

1210 Why is hoarfrost seen only after a very clear night t 

Because the earth will .not have thrown off heat 
enough by radiation to freeze the vapor condensed upon 
its surface, unless the night be very clear indeed. 

1220 Wh4it is th^ cause of thai hoarfrost which arises from frozen fog f 
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Where hoar-frost does not accninalate. Frostwork on windows. 

The thick fog which invested the • earth during the 
night "(being condensed by the cold frost of early morn- 
ing) is congealed upon every object with which it comes 
in contact. 

ISSl Why is there litUe or no hoarfrost wnder shrubs and shady trees f 

1. Because the leafy top arrests the process of radi- 
ation from the earth ; and 

2. Shrubs and trees radiate heat towards the earth ; 
and therefore the ground beneath is rarely cold CTumgh 
to congeal the little dew which rests upon it. 

1222 Why does hoarfrost very often cover the ground and trees, when 
(he waier of rivers is not frozen t 

Because it is not the effect of cold in the air, but 
cold on the surface of the earth (produced by excessive 
radiation), which freezes the dew condensed upon it. 

1223 Why is the hoarfrost upon grass and vegetables much Oiicker 
than thai upon lofty trees t 

Because the air (resting on the surface of the ground) 
is much colder after sunset than the air higher up / in 
consequence of which more vapor is condensed and 
frozen there. 

122'4: Whoi is the cause of the pretty frostwork seen on bedroom win- 
dows in unnter-tim^t 

The breach and insensible perspiration of the sleeper 
(coming in contact with the ice-cold window) Sirei frozen 
by the cold glass, and, crystallizing, form those beautiful 
appearances seen on a winter morning. 

1226 Are aU (hefigure^ of frostwork formed in accordance with certain 
fixed laws? 

All these figures are limited by certain laws^ and the 
lines which bound them form among themselves no 
angles but those of 30% 60°, and 120°. 

1226 If you fracture thin ice by allowing a pole or weight to faXl upon 
f^ wiU the lines of the fracture have anything of regularity f 

Yes ; the fracture will generally present B.'vtar with 
six equidistant radii, or angles of 60°. 

1227 Why is a glass or earthen vessel apt to break when hot water is 
poured into itf 

Because the inside of the glass is expanded by the 



186 SCIENCE OP COMMON THINGS. 

- - *- ■^^— < 
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hot water, and not the outside / so the glass snaps in 
consequence of this unequal expansion. 

12S8 Why is not the oiUside of (he glass expanded by (heJiot waiter aa 
well as the inside f 

Because glass is a had conductor of heat^ and hreahs 
before the heat of the inner surface is conducted to the 
outside. 

1229 Why does a glass snap because (he inner surface is JwUer than 
the outer f 

Because the tmier surface is expanded, and not the 
outer / in consequence of which an oj}posing force is 
created which breaks the glass. 

1230 Why does a cooper heai his hoops red hot when he puts them on 
a tub? 

1. As iron expands hy heat^ the hoops will be larger 
when they are red hot ; in consequence of which tney 
will fit on the tub more easily / and 

2. As iron cont/ra>cts hy cold^ the hoops will shrink 
as they cool down, and girt the tub with a tighter 
grasp, 

1531 Why does a wheekvrigM make the tire red hot which Tie fixes on 
a wheel f 

1. That it meiyjlt on more ea^y / and 

2. That it may girt the wheel vrwre tightly, 

1532 Why fciU the wheelwrighfs tire fit the whed more easily for being 
made red fiott 

Because it will be expanded by the heat, and (being 
larger) will go on the wheel more ea^sily. 

1533 Why wUl (he tire which has been pvi on hot girt the wheel more 
firrrdyf 

Because it will shrink when it cools down, and 
therefore girt the wheel with a tighter grasp. 

1534 Why does a stove make a crackling noise when a fire is very hot t 

Because it expands from the heat ; and the parts of 
the stove rubhing against each other, or driving against 
the hricks, produce a crackling noise. 

1S36 Why does a stove make a similar crackling noise when a large 
fire is put ovif 
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Why clocks go faster in summer than in winter. 



Because the metal of the stove contracts, by reason 
of a reductioa of temperature, when the fire is extin- 
guished. 

1886 Why are the nails in almost aM old houses hose and easily 
drawn out f 

Because the iron eospands in the summer^ and con- 
tracts in the winter^ more than the stone or wood, and 
thus the opening is gradually enlarged after a lapse of 
time. 

Ii337 Why does a piano give a higher tone in a cold than in a warm 
roomf 

Because in a cold room the strings are contracted 
and tighter. 

1S38 Why do clocks go slower in summer and faster in winter t 

Because the pendulums elongate in summer through 
the effects of heat, and consequently vibrate slower ; 
while in winter they contract^ become shorter, and 
vibrate more rapidly. 

1230 How is this inequality in the rate of motion in timepieces obviaied f 

By what is called a compensating pendulum / that 
is, one constructed of two metals, possessing different 
expansive powers, in such a manner that the greater 
expansion of one bar in one direction equals the less 
expansion of other bars in a different direction, and 
thus maintain an invariable length of the pendulum. 

1240 Does wood expand under the influence of heai differently from 
metal f 

Yes ; an iron bar expands and contracts equally in 
all directions, but wood expands and contracts more in 
hreadth than in length, 

1241 Why will a person, buying oH, molasses, spirits, etc., by (he meor 
sv/re, get a greater weight of (he same mateiHaJ in the same measure in the 
winter than in the svjnmer t 

Because these liquids contract and occupy less space 
in the winter than in summer ; consequently it requires 
more of the same kind to fiU the same space in winter 
than in summer. 

1242 Bow can heai be Tneasured f 

Only by its effects : since the magnitude of any body 



188 SCIENCE OF COMMON THINGgi, 

What is temperature ? Thennometen and pyrometers. 

changes with the heat to which it is exposed ; and since, 
when subject to the same calorific influences, it always 
has the same magnitude, these dilatations and contrac- 
tions, which are the constant effects of heat, may be 
taken as the measure of the physical cause that pro- 
duced them. 

1,^4:3 WJiat is the temperature of a body f 

It is the actual state of a body at any moment, deter- 
mined by a comparison of its magnitude with the heat 
to which it is exposed. 

1S44 Wkai is a change of temperature f 

Tlie change in magnitude which a body suffers by 
changes in the heat to which it is exposed. 

1246 WJiat are the instruments for measuring heai called t 

Thermometers SLndjpyro7neters. 

1346 WTiat is the difference between (hem f 

A thermometer is used for measuring moderate tern- 
peratures ; while ikm^ jpyrometer is chiefly applied to de- 
termine the more elevated degrees of heat. 

X2^'7 What substances are best adapted for measuring the effects of 
heai by their expansion and corUra>ction f 

Liquids^ above all other substances. 

1S48 Why are liquids best adapted for this purpose f 

Because in solids the direct expansion by heat is so 
small as to be seen or measured with difficulty ; in air 
or gases it is too extensive and too liable to be affected 
by atmospheric pressure ; but liquids are free from both 
disadvantages. 

184:0 Whai liquid is generaMy used for the construction of ordinary 
thermometers f 

Mercury or quicksilver, 

11350 Whai metal is distinguished from aU others by its fluidity at 
ordinary temperaiures t 

Merawry or quichsil/ver. 

1S61 Does mercury, like other m^etais, expand by heaif 

It readily expamds or contracts with every variation 
of temperature. 
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Use of mereniy in thermometers* * How thermometers are oonstmeted. 

13Sd Why is mercury preferabU io aU other liquids for ihe putrposes 
of the thermometer t 

Because it hoiU at a higher temperature than any- 
other liquid, except certain oils; and, on the other 
hand, it freezes at a lower temperature than all other 
liquids, except some of the mo^t volatile, such as ether 
and alcohoL 

Thus, a mercurial thermometer will have a wider range than any other 
liquid thermometer. It is also attended with this convenience, that the 
extent of temperature included between melting ice and boiling water 
stands at a considerable distance from the limits of its range, or its 
freezing and boiling points. 

12£S3 Of what does the mercurial thermometer consist t 

The mercurial thermometer consists essentially of a 

{flass tube with a bulb at one extremity, and which, 
laving been filled with mercury at a certain tempera- 
ture, introduced through the open end, has been her- 
metically sealed while full, so that no air can after- 
wards enter it 

As the tube and mercury in it gradually become cooled, the inclosed 
fluid contracts, and consequently sinks, leaving above it a vacant space 
or vacuum, through which it may again expand on the application of 
heat 

1354 As {hermam^iers are constructed of different dimensions and 
capacities^ how are they graduated to indicate the savM temperaiure wider 
the same circumstances^ as the freezing point, for example f 

The thermometers are first immersed in melting snow 
or ice. The mercury will be observed to stop in eack 
thermometer-tube at a certain height ; these heights 
are then marked upon the tubes. Now it has been 
ascertained that at whatever time and place the instru- 
ments may be afterwards immersed in melting snow or 
ice, the mercurv contained in them will always fix itself 
at the point thus marked. This point is called the 
freezing point of water. 

1865 How is the boiling point ascertained t 

It has been found that at whatever time or place the 
instruments are immersed in pure water, when boiling, 
provided the barometer stands at the height of thirty 
incheSi the mercury will always rise in eacS to a certaiii 

9 
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Satcmiliutlon at tbe buUlBg ud tmaiBg polntL 

lieiglit. Thi3, lliercfore, forms another fie^d point on 
tlie geometric scale, and is called the boding voint. 
. l&BQ Uiiw are Vie inlermediaie poMt delermintd I 
In Fahrenlieit's thermometer, the intervals on tha 
Bcale, betwucH the freezing and boiling points, are 
divided into 180 equal parts. This division la simHarlj- 
continued below the freezing point to the place 0, aiid 
each division upwards from that is marked with the enc- 
cesaive number 1, 2, 3, etc. Tlie freezing point will 
now be the 33d division, and the boiling point will be 
the 212th division. These divisions are called dearies, 
and tlie boiling point will therefore be 213°, and tha 
freezing temperature, 33°. 

1307 When and by whom vxu the Oiermrmuter invenitd 1 

The thennoraeter was invented about the year 1600; 
but, like many other inventions, the merit of its dis- 
coveiT is not to be' ascribed to one person,^ but to be 
distributed among many, 

ISGS Why is !he IhenaoTneler in general uae in the Umlei Stata, 
England, and Holland, called fWirenheiCa Oiermomeler t 

Because thermometers having a like gi-aduation were 
first manufactured by Fahreiuieit, a Datch philoso- 
phical instrumentrmaker. The employment of mercury 
as the most suitable fluid for the thermometer is also 
usually attributed to hirn. 

13S? Bow many Idada of (htrmimettTt 
are in general use T 

Tkree : FahrenheiCs, Jieau- 
muj^a, and the Centigrade ther- 
mometer, or thermometer of 
Celsius. 



Tlie differences of graduation 
between the freezing and boiling 

SoinfcB of water, lleaumur is 
ivided into eighty degrees, the 
Centigrade into oris hundred, 
and Fahrenheit's into one Aiw 
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d^r&d and eighty. According to Reaumur, water freezes 
at 0°, and boils at 80°; according to Centigrade, it 
freezes at 0°, and boils at 100° ; and according to Fah- 
renheit, it freezes at 32°, and boils at 212°; llic last, veiy 
Bingularly, commences counting not at the freezing 
point, but 33° below- it. 

The differences between thoBo insljruracnts can bo easily seen by refer- 
ence \a'Bg. 41. 

ISei In what conntria are Ote EeamniiT and Ceuiigrade thermomeleTi 
ffeneratiy tatdt 

Heaumur is in general use in Germany, and tlie 
Centigrade in France ; but for scientifie purposes the 
Centigrade is almost universally adopted. 

1.SS3 At vhat temperalnre dufs itWTC^ry Jreaet 

At about 39' hel&w the sero of Fahrenheit's tliermo- 
meter. 

1SQ3 Boa are degreti of oM mere inlm^ tfan iki> meamred t 

By using a thermometer filled with alcoJiol colored 
red, as this fluid when pure does act congeal at 100° 
Fahrenheit below zero. 

1S84 At whai Umperaiure dim mercury hoU t 

At 660° Fahrenheit 

3J3dS Moid are ternperaiarel gretder (haa tkii determintdT 
By means of the expansion of solids ; and instra- 

meuts founded upon this principle are commonly called 

pyrotneier«. 



Tha congtniction of the pyrometer is represented ir 
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What is liqaefiMtion f Wh/ ice is melted by bett 

sents a metalUc bar, fixed at one end, B, but left free at the other, and in 
contact with the end of a pointer, K, moving freely over a graduated scale. 
If the bar be heated by the flame of alcohol, the metal expands, and 
pressing upon the end of the pointer moves it, in a greater or less degree. 

1266 On what prindpk Tiave pyrometers generally been cmatructed f 

On the relati/ve expansion of bars of iron, or some 
other metal. 

1S67 Does a thermomeier inform tis how much heat any body cxm- 
tains f 

No; it merely points out a differenoe in the tenh- 
perature of two or more substances. All we learn by 
the diermoraeter is whether the temperature of one 
body is greater or less than that of another ; and if 
there is a difference it is expressed numerically — 
namely, by the degrees of the thermometer. 

It must be remembered that these degrees are parts of an arbitrary 
scale, selected for convenience, without any reference whatever to the 
actual quantity of heat present in bodies. 

1263 After the expansion of solids^ when acted upon by heat, what 
other effect is next observed t 

They change their original staie^ become liquid, or 
melt. Many of them become soft before melting, so 
that they may be kneaded ; for instance, wax, glass, 
and iron ; in this condition, glass can be bent and 
moulded like wax, and iwn can be forged or welded. 

126Q Whai is meant by liquefaciion t 

The conversion of a solid into a liquid by the agency 
of heat, as solid ice is converted into water by the heat 
of the sun. 

15370 Why is ice melted by the ff^eai of the sun t 

Because, when the heat of the sun enters the solid 
ice, it forces its particles asunder^ till their attraction 
of cohesion is sufficiently overcome to convert the solid 
ice into a liquid. 

1S*71 Why are metdts meUed by (he heat of fire t 

Because, when the heat of the fire enters the solid 
metal, it forces itspartides asunder^ till their attraction 
of cohesion is sufficiently overcome to convert the solid 
inetal into a liquid. 
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What is a solution ? Why water dissolves sagar. 

I - — — — — 

IS 72 Wften salt is. mixed with waier and disappears in (he Uquidf 
wTiat is said to have taken place t 

The salt is said to have dissolved in the water, and 
the liquid is now ir solution of salt 

1273 Whatj then^ is a solution f 

A solution is the result of an attraction or affinitjr 
between a solid and a fluid ; and when a solid disap- 
pears in a liquid, if the compound exhibits perfect 
t/ransparency^ we have an example of 2l perfect solution, 

1874 When is a solution said to he saturated t 

When the fluid has dissolved as much of the solid as 
it is capable of doing, it is said to be scUuraied: or, in 
other words, the aftinity or attraction of the nuid for 
the solid continues to operate to a certain point, where 
it is overbalanced bv the cohesion of the solid ; it then 
ceases, and llie fluia is said to be saturated. 

. 1S76 TV W is the difference between a solution and a mixture t 

A solution is a chemical union / a mixture is a mere 
mechanical union of bodies. 

1S7Q Why wiU water dissolve sugar t 

Because there is attraction or affinity between the 
particles t)f the water and the particles of the sugar. 

1877 What do we meanly affinity t 

AflSnity is that kind of attraction in Virtue of which 
bodies of a dissimilar character combine together into 
a whole, which appears perfectly uniform to the senses, 
even when assisted by powerful magnifying instruments. 

1278 Why wiU not waier dissolve granite or metaUic iron t 

Because there is not sufficient affinity or attraction 
between the particles of the water and those of the iron 
or granite. 

1J370 Are there any liquids that have sufficient affinity to dissotve iron 
and granite t 

Yes ; certain acids have so great an affinity for the 
iron and granite that they are enabled to dissolve them. 

1280 Why wUl not water dissolve oUt 

Because there is no affinity or attraction between the 
particles of the two substances. 
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Taporisation. Why h«At oonyerts water into Bteam. 

X281 Why wiU alcohol and elher dissolve oU t 

Because the attraction or affinity between the alco- 
hol or ether and the oil is sufiicient to enable them to 
effect a solution. * 

1882 What effed has heat upon the dissolving power of Uqwdsf 

In most cases the addition of hea;t to a liquid greatly 
increases its solvent properties. Hot water will aissolve 
much more sugar than cold water, and hot water will 
also dissolve many things which cold water i& unable 
to affect. 

1S83 Why does not wood meU like melal t 

Because the heat of the fire decomposes the wood into 
gas^ smoke^ and asJies^ and the different parts separate 
from each other. 

1284 Whai is meant hy vaporizationt 

The conversion of a solid or liquid into vapor / as 
snow or water is converted into vapor by theTieat of 
the sun. 



Why is water converted into steam by the Tieat of the fire t 

Because, when the heat of the fire enters the water, 
it separates Us substance into very minute particles, 
which (being lighter than air) fly off from the surface 
in the form of steam. 



Why do doors swell in rainy weather? 

Because the air is filled with vapor, which (pene- 
trating into the pores of the wood) forces its jpartides 
fartMT oypart, and swells the door. 

1287 Why do doors shrink in dry weather f 

Because ih^ moisture is absorbed from the wood, and, 
as the particles are brought closer together, the size of 
the door is lessened ; in other words, the wood shrinks. 

1288 Why does a drop of water sometimjes roU along a piece of hot 
iron vnthout leaving the least trace f 

Because the bottom of the drop is changed into vapor, 
which bitoys the drop ujp, without allowing it to touch 
the iron. 

1288 Why does it roll f 
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Volatile flabfitances. What is distillation f 

■ -- -■-■■ - -_--■- ^imm 

Because the current of air (which is always passing 
over a heated surface) a/we* it along, 

1S0O Why does a laundress put a liUle saliva on ajlai^iron to know if 
it be hot enough t 

Because when the saliva sticks to the iron and is 
evaporated, she knows it is not sufficiently hot ; but 
when it runs along the iron, it is. 

1S91 Why is the flairiron hotter if the saliva runs along il^ than if it 
adheres till it is evaporated f 

Because when the saliva rtms along the iron, the heat 
is sufficient to convert the bottom of the drop into vapor / 
but if the saliva wHl not roll, the iron is not sufficiently 
hot to convert the bottom of the drop into vapor, 

1SG2 To what substances do we apply the term " volatile f 

To those which have a great tendency to assume the 
gaseous form. 

1903 To what substances do we apply the term ^^fixed,^ or ^^non-vola- 
titer 

To those in which the tendency to assume the gaseous 
form is small. 

1204 Do vapors oe(Mpynvu(^ more space than the substances from whuJ^ 
they were produced f 

They occupy a much greater space / water, in passing 
from its point of greatest density into vapor, expands to 
sixteen hundred and ninety-six times its volume* 

ISGS Under what two heads does the subject of vaporization divide 
Usdff 

Into ebvllition and evaporation 

lJ39e Whal is distillation t 

A process by which one body is sej>arated from an- 
other by means of heat, in cases where one of the bodies 
assumes the form of vapor at a lower temperature than 
the other ; this first rises in the form of vapor, which is 
received and condensed in a separate vessel. 

1SG7 Row is the process of simple distillation effected^ 

A peculiar-shaped vessel called a retort {Fig. 43) is 
half filled with a volatile liquid and heated ; the steam, 
as it fonns, passes through the neck of the retort into a 
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Vbf dtttOUa rntur to T«7 pnw. ConitrattlM oT ■ MOL 

glasg receiver contained in a Teseel filled witli cold 
water, and is then condensed. 



1S8S Why is vnHer dbtamtd in this manner by OMOafUm ptrtr Iham 

Becange the non-Tolatile, earthy, and saline portions 
contained in all spring waters do not ascend with the 
vapor, but remain in the r^^/rU By this means very 
volatile bodies can be easily separated from less volatile 
ones ; as brandy and alcohol from the less volatile 
water which may be mixed with tbem. 

1889 When QxevtadnKd for geaemHag Hie taporiavtry large, vjkat 
UacaOtdt 

A ^'■sttSl;" and, for con- 
densing the vapor, vats are 
constructed, holding ser- 
pentine pipes or ^^ worms" 
which present a greater 
condensing surface than 
if the pipe had passed di- 
rectly through the vat. 

I To keep the coil of pipe cool, th» 

thM are kept filled with oold water. 
Ffc 41. {See Itg. 44.) 

In tliia figure o ia a fiarnace, ia 
which is filed a copper vessel to contain tlio fluid. Hent being applied, 
the sleajn rises in the head b, anil passes through the worm d, which is 
placeil in a vessel of water, tlia refriBerator. Tlie vapor thus generated ia 
eondeDsed in its passage, and pasaea out as a liquid hj the external pipe 
into a receiTer. 

1300 What blhediffa-OKebeiuieen drying by htal and duSUfngt 
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Wh»t is eTBporation t Danger of wearing wet elothea. 

In the one case, the substance vaporized, being of no 
use, is allowed to escwpe or become dissipated irf the 
atmosphere; while in the other, being tne valuable 
part, it is caught and condensed into the liquid form. 

1301 Whai is the vapor from damp linen f 

The vapor from damp linen, if caught, would be dis- 
tilled water. 

1308 Whai is evaporaUon t 

Tlie conversion of a fluid into vapor. 

When vaporization takes place only from the surface of a body, either 
because the heat has access to tliat part, or because the evolution of 
vapor takes place through the medium of a gas or air already present, the 
action can only be recognised by the diminution of the bulk of the body : 
this phenomenon is called evaporation. 

1303 Whai, effects are produced by evaporation t 

The substance vaporized absorbs heat from the body 
whence it issues ; and the body, deprived of a portion 
qfits suhstance by evaporation, loses heat. 

1304 If you wet your finger in your mouthf and hM it up in (he air^ 
why does U/eel cold f 

Because the saliva quickly evaporateSy and (as it 
evaporates) absorbs heat from the Jmger^ making it feel 
cold. 

1805 If you haihe your temples toith etJier, cologne water, spirits, etc., 
why does ii aJla/y infta/mmaiion and feverish heait 

Because these liquids very rapidly evaporate^ and (as 
they evaporate) absorb heat from, the tmmvng head^ 
producing a sensation of cold. 

1306 Why do we feet cold when we have wet feet or dethes t 

Because the wet of our shoes or clothes rapidly eva^ 
poratesj and (as it evaporates) absorbs heat from our 
oodyj which makes us feel cold. 

X307 Why do wet feet or clothes give us " cotdf 

Because the evaporation absorbs heat so abundantly 
from the surface of our body, that its temperature is 
lowered bdow its natv/ral standa/rd / in consequence of 
which health is injured. 

1308 Why is it dangerous to skep in a damp bed t 

Because the heat is continually absorbed from the 

9* 
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Health Iqjarad by redadng the temperatnre of the body. 

surface of our body to convert the damp of the sheets 
into vofpor : in consequence of which our animal heat 
is reduced below the Kealthy standa/rd, 

1309' Why is heaJUh injured when the temperatwre of (he body is 
reduced below its natural standard f 

Because the balance of the ci/rcuUdion is destroyed. 
Blood is driven away from the external wutface bv the 
chUl^ and thrown upon the mtemal orga/ns^ which are 
oppressed by this increase of hlood. 

1310 Why do we not fed (he same sensation of cold if we ffvrow a 
waterproof coai over our wet doihes f 

Because water-proof coats (being air-tight) prevent 
evaporalion^ and (as the wet cannot evaporale) no heat 
is absorbed from our bodies. 

1311 Why does sprinkling a hot room wiOi water cool it t 

Because the heat of the room causes a rapid euaporor 
tion of the sprinkled water ^ and as the water evaporates, 
it absorbs hmtfrom the room^ which cools it. 

13153 Why does watering the streets and roads cool them t 

Because they part with their heat to promote the evor 
poralion of the water sprinkled on them. 

1313 Why does a shower of rain cool (he air in summer-time t 

Because the wet earth parts with its heat to promote 
evaporalion y and when the ea/rth is cooled, it cools the 
OA/r also. 

1314 Why is linen dried by being eocposed to the wind t 

Because the wind accelerates evaporation by removing 
the vapor from the swface of the wet Unen as fast as it 
is formed. 

1315 Why does draining land promote wa/rmOh 

Because abstracting water diminishes evaporation / 
in consequence of which less heat is withdrawn from the 
earth. 

131S Why does cultivation increase the warmth of a country f 

A cultivated country is better drained, and laid open 
to the rays of the sun. The forests being cut down, 
the snow quickly disappears in the spring, and the 
earth soon becomes dry* 
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Air oool after a rain. Prodnctioii and nature of Bteam. 

1317 Why does bread after (he lapse of a few days become dry and 
stalet 

Eecause the moisture contained in it evaporates ; the 
particles then shrink, and the whole mass becomes 
nard. 

1318 Why is not the vapor cfihesea salt f 

Because the saU is always left behind in the process 
of evaporation. 

131d " AU the riffers run into the sea ;" why is not (he seafuU t 

Because the quantity of water evaporated from the 
surface of the sea is equal to the quantity poured into 
it by the rivers ; thereiore the sea is never full. 

1320 Why is it frequenUy cooler after a rain f 

Because water which falls from the atmosphere soon 
returns to it in the form of vapor ^ carrying with it, in 
the hxtent form^ a large amount of heat taken from 
every object, thus moderating the temperature of the 
earth, and refreshing the animal and vegetable creations. 

• 1321 Does evaporation take place from the surface of snow and ice t 

Yes, to a very considerable extent, even when the 
temperature of the air is below the freezing point. 

13S23 Whai is steam f 

The vapor of boUing water. 

1353 Is steam visible or invisible f 

Steam is invisible,' but when it comes in contact 
with the air (being condensed into small drops) it in- 
stantly becomes visible. 

1354 ffmo do you know thai steam is invisible t 

If you look at the spout of a boiling kettle, you wilt 
find that the steam (which issues from the spout) is 
always invisible for about half am, inch, after which it 
becomes vis^jle. 

1386 Why is the steam invisible for half an inch t 

Because the air is not able to condense it, as it first 
issues from the spout ; but when it spreads and comes 
in contact with a larger volume of air, the invisible 
steaan is readily condensed into visible drops. 
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Tapor of water allrays exkto In air. White appearance of steam. 
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13Sd Ihes air ever exist witfunU steam or vapor of water f 

Air without Bteam (theoretically called dry air) is 
fiot known to exist in nai/ure^ and is probably not pro- 
ducible by art. 

1387 Is ihe visible maUer^ popularly called steavn, reaUy true steam f 

By no mecmSy and should be carefully distinguished 
from steam proper, or the aeriform state of water. The 
cloud or smoke-like matter alluded to is really not an 
air or vapor at all, but a dust-like cloud of minute 
bodies of liquid water, wafted by a current either of 
true steam, or, more frequently, of mere moist air. 

1328 Is U necessary to Ihe production of steam thai waier should he 
raised to the boiling temper aiure t 

It is not ; the surface of any waterj* liquid, cibout 20® 
warmer than any superincumbent atr (however warm 
or cold that may be), rapidly gives off true Bteam^ which 
i» invisible, but which no sooner mixes with colder air 
than it is recohdensed into water, and assumes the 
forms of minute globules, 

1389 Whai causes fhe visile whiU appearmnce of condensed steam t 

The myriads of minvte gldbvles of water into which 
the steam is condensed are separatehr invisible to the 
naked eye, but each, nevertheless, renects a minute ray 
of white light. The multitudes of these reflecting 
points, therefore, make the space through which they 
are diffused appear like a cloudy body, more or less 
white, according to their abundance. 

1330 In whai m^anner is the production of steam in loiling water first 
manifested t • 

When steam begins to be produced, as in the process 
of making water boil, and the heat overcomes the 
atmospheric pressure on the surface, small bubbles are 
formed, adhering slightly to the sides of the vessel. 

1331 In what parts of ihe boiler will its development be mx>st conspicu- 
pusf 

The bubbles are formed most rapidly at those points 
against which the flame is most strongly directed. 

1332 IIow much lighter is steam tftan waier f 
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DUbrent spaoes oconpied hj steam and water. PreaBore of steam. 

About 1700 times ; because a quantity of water 
yields nearly 1700 measures 
of steam at 212** F. 

Fig. 45 represents the oomparatiye 
Tolume of water and of steam. 

1333 ffdw much sieam wiUa cubic 
inch of water furnish t 

A cubic inch of water ex- 
pands into about a cvMofoot 
of steam at 212" F., under the 
ordinary atmospheric pres- 
sure. 

1334 Upon whai does (he power of iu: 45 
sieam depend t 

On the tendency which water possesses to exjpartd 
into vapor when heated to a certain temperature. 

1336 WJuxt is ihe most important property of steam t 

Its elasticity or presswre. By virtue of this property, 
when freed from trie limits wluch confine it, steam will 
dilate into any space to which it may have access. 

1336 If a quantity of pure steam be confined in a close vessd^ in what 
manner wiU its pressure be exerted t 

It will exert on every part of the interior of the vessel 
a certain pressure directed outwards, and having a ten- 
dency to burst the vessel. 

1337 Bow great a pressure does steamj formed under ordinary cir- 
ewnstanceSf haw to overcome before it can rise from the surface of the water t 

That of one atmmpherer— fifteen pounds on every 
square inch, or one ton on every square foot — a force 
equivalent to the strength of six hundred horses. 

1338 What happens when (he temperature of steam generated under 
ordinary pressures is reduced below 212^ F, t 

It is immediately condensed into water. 

1330 As steam swtains and elevates a weight occasioned by ihe pressure 
of ihe aimosphere, of fifteen pounds per square inchj what takes place when 
a column of steam is immediately condensed t 

The atmospheric weight will immediaidy fall with a 
force equal to that with which it was raised. 

134:0 Hffw can steam be used to advantage for cooking vegetabUs^ etc. t 
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Wbftt Is liig^-preflsiire ateam f What to a steam-engine i 

In cookery, if steam raised from boiling water be 
allowed to pass through meat and vegetables, it will be 
condensed upon their surfaces, imparting to them the 
latent heat which it contained before its condensation, 
thus cooking them as eflfectually as if they were im- 
mersed in boiling water. 

3-341 WhtU do we mean when we speak of JUgJirpressure sieaan t 

High-pressure steam is merely steam condensed^ not 
by withdrawal of heat, but by pressure^ just as high- 

Sressure air is merely condensed air. To obtain a 
ouble, triple, or greater presstire of steam, we must 
have twice, thrice, or more steam under the same vo- 
lume. 

1342 Is higJi^eesure steamy escaping from a hoiUr heated to 300° or 
more^ hoUer than low-pressure steam escaping from a hotter a^ 212^ f 

No ; for the instant that high-pressure or condensed 
steam escapes into the air, it immediately expands and 
hecomes lovypressy/re steam, and is greatly cooled down 
by its expansion. 

1343 Does high-pressure steam, cuUing in a hoUer at a high tempera- 
fare, exert a greater mechanical and chemical power than low-pressure 
steam t 

It does; high-pressure steam acting upon bones, 
breaks up and dissolves the whole mass, extracting aU 
the glue and fat, when ordinary steam would dissolve 
nothing. 

In the Western States, where large quantities of lard are manufactured, 
the whole hog is exposed to high-pressure steam, and the carcass reduced 
in a short time to a £a,t fluid mass. 



Can highrpressure steam he raised to a very eievaied degree of 
heatt 

It can / in some of the methods latelv introduced for 
purifying oils, etc., the temperature of tne steam, before 
its application, is required to be sufficiently elevated to 
enable it to mdt lead. 

1346 What is (he steam-engine t 

The steam-engine is a mechanical connivance hy 
which coal, wood, or other fuel is rendered capable or 
exeeiiUng any kind of labor. 
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Mechanical force of steam. Comparison of steam power and animal power. 

134S WJuxi substance furnishes (he means of caiUin/g (he powers of coal 
into activity t 

Water. 

X34:7 ffow much water iffiU two ounces of coal evaporate t 

Ahout a pint 

1348 How much steam wiU this produce t 

Two hundred and sixteen gallons^ 

1340 How much m,echanical force can this steam exert t 

It can raise a weight of thirty-seven tons to the 
height of one foot. 

1360 W?iai amount of force can a man exert when applying his 
strength to (he best advantage (hrough (he help of machinery t 

It has been found by experiment, that a man work- 
ing on a tread-mill continuously for eight hours, will 
elevate one and a half millions of pounds to the height 
of one foot, 

3.361 Wiih how much coal wiU a well constructed steam-engine perform 
the same laJbort 

With the expenditure of apmind and a hcHf 

13Si3 Ho'W much coal then would be equivalent to the average power of 
an able-bodied man during his active life^ supposing him to work for twerUy 
years at (he rate of eight homs per day t 

The consumption of about four ions of coal ;would 
evolve in a steam-engine fully as much power. 

1363. Tlie grecU pyramid of Egypt is five hundred feet high, and weighs 
twelve thousand seven hundred and sixty millions of pounds. Herodotus 
states (hat in constructing it one hundred thousand men were constantly 
empUyyedfor twenty years. With how much coal could all (he materials of 
this pyramid be raised to (heir present position from the ground t 

With the expenditure of four htmdred and eighty 
tons of coaL 
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Wbit k Tvntitatloii f Wanning and TentUatkm of bnlldlngB. 



PART VI. 

VENTILATION AND WARMING, COMBUSTION, 
RESPIRATION, AND NUTRITION. 



^•» 



CHAPTER I. 

WARMTNG AND VENTILATION. 

WJiat is verUUcUion t 

Ventilation is the act or operation of catising air to 
pass through any place, for tlie purpose of expelling 
impure air and dissipating noxious vapors. 

1366 What w the theoretical perfection of ventilation f 

To render it impossible for any portion of air to be 
breathed twice in the same builaing. 

135B Upon what principle does the whole process of warming and ven- 
tilating Imildings depend t 

Upon the expansion and contraction of air, or, in 
other words, upon the fact that air which has been 
heated and expanded ascends, and air which has been 
deprived of heat, or has become contracted, descends. 

1367 Is there an ftpward current of air ahoays 
rising from heated substances t 

There is ; air made lighter by heat 
ascends through colder strata^ as a cork 
(put at the bottom of a basin of water) 
rises to the surface. 

1368 What simple experiment show» the exist* 
ence of this upward current in an ordinary stove t 

K we attach to the side of a heated 
stovepipe a wire on which a piece of 
paper cut in the form of a spiral may 




SCIENCE OF COMMON THINGS. 205 

Why a fire balloon rlseei Where yentilation Is perfect Oxygtn. 

be suBpended, as is represented in Fig. 46, the upward 
current of hot air will immediately put the paper in 
motion, and make it revolve rapidly around the wire. 

I860 When a hoy makes a fire-baUoon, and seta fire io the cotton or 
sponge {which has been stepped in spirits of wine), why is the baUoon inflated t 

Because the air of the balloon is exfpanded by the 
heat of the flame, and fills the balloon to its utmost 
capacity. 

1360 Whydjoes^baXU>cnriMaff/etiihMbeininjUi^ 
airt 

Because the same quantity of air is expanded to three 
orfov/r times its oriamal volume ; and made so much 
lighter^ that even when all the paper, wire, and cotton 
are added, it is still lighter than common air. 

13S1 In what situation is ventikUion perfect? 

In the open air, because the breath, as it leaves the 
body, is warmer and lighter than the suiTounding fresh 
air, and ascending is immediately replaced by an in- 
gress of fresh air ready to be received by tne next 
respiration. 

13623 Why is it desirable io avoid breathing the same air twice? 

Air which has been once respired, is unwholesome, 
and not suited to supply the wants of the animal system. 

1363 WhalareiheeiefmemtsofaimospheTicairf 

Oxygen a/nd ni^ogen mixed together, in the propor- 
tion of seventy-nine parts of iiitrogen and twenty-one 
of oxygen. 

1364 Whai is oxygen? 

A gasy colorless, tasteless, and odorless ; it is heavier 
than atmospheric air, and is a non-conductor of elec- 
tricity. 

136£S Is oxygen a substance existing in great abundance? 

Oxygen is the m^ost ahundant of all known substances ; 
it constitutes at least one third of the solid mass of the 
globe, eight-ninths of all water, and nearly one-fourth 
part of the atmosphere ; it also exists in most organic 
substances. 

1366 la oxygen ever found in a liquid or aoHd state ? 
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!No ; when pure it is only known in the gaseous state ; 
all efforts to reduce it to a liquid or solid condition by 
cold or pressure have completely failed. 

1367 Cfwhat use is oxygen in the aimospheref 

It sustains animal life and av^ports combustion. 

13S8 If an animal were immersed in oxygen gas^ would U canUnae to 
Uvefor a timet 

It' would; at the same time animal life cx)uld not be 
sustained for any great length of time in an atmosphere 
of pure oxygen. 

1869 Whal is meani when it is said (hat oxygen ^^ sustains Ufef^ 

It means this : if a person could not inhale oxygen, 
he would die. 

1370 What good does this inspiration of oxygen do t 

1. It gives vitality to the blood ; and 

2. It IS the caitse of animal heat 

1371 Wfiat is nOrogent 

An in/visible gas existing largely in atmospheric air, 
and in most animal and vegetable substances. 

137J3 Whoi are its principal characteristics t 

1. It is not combustible / 

2. It does not support animM life ; and 

3. It is the principal ingredient in the composition 
of aimospheri& air. 

1373 Whai proportion of thfi air we breaOte is composed of nitrogen f 

About four 'fifths qf the air is nitrogen ; the other 
one-fifth is oxygen. 

1374 Why is (here so much nitrogen in the air t 

The usee of nitrogen are in a great measure unknown* 
It has been supposed to act as a diluent to the oxygen^ 
but it most probably serves some useful purpose in the 
economy of animals and vegetables, the exact nature of 
which has not been discovered. 

1376 Whai would be the effect if the proportion of oxygen in the atmo- 
sphere were increased f 

The infiximmahility of most substances would be in- 
creasedj fires would bum out very quickly, and tiie 
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functions of life would be called into such rapid action 
as to soon exhaust the powers of the system. 

1376 Are the Uoo gases, oxygen and nitrogen, extsiing in the cUmO' 
sphere, chemically combined, or merely intermingled? 

They are merdy mixed^ and not combined with each 
other. 

X&T7 Does the otTnosphere always contain any other ingredients besides 
oxygen and nitrogen t 

There is always in the air, at all places, carbonic ctdd 
gaa^ in variable proportions, and watery vapor, besides 
the odoriferous matter of flowers and other volatile 
substances. 

1378 Whai is carbonic acid gas f 

A gas formed by the union of carbon and oxygen ; 
it used to be called jixed air. Its chemical com- 
position is one atom of carbon united to two of 
oxygen. 

1373 Is the air collected on the tops of high mountains, over marshes 
in hospitals, cmd over deserts, the sa/me in character and composition t 

It is not found to vary^ but is the same in all regions 
of the earth and at all altitudes. 

1380 Are the component parts of air, oieygisn, nitrogen, carbonic add, 
and watery vapors^ of different specific gravities, or do they all differ in 
weight f 

They are all different^ carbonic acid gas being the 
heaviest. ♦ 

ISSl Then, as we have before stated that they are merely mixed, and 
not combined, why do they not arrange theTusekes in the order of their densi- 
ties, and float one upon the other, as oil and waier do when mingled t 

Because of a wonderful principle or law of natui^e, 
that when two gases of different weights or specific 
gravities are mixed together, they cannot remain sepa- 
rate j as fluids of different densities do^ but diffuse them- 
selves uniformly throughout the whole space which 
both occupy. 

1333 Carbonic acid is twenty times heavier than hydrogen gas ; if we 
fill the lower part of ataU jar with carbonic acid, and (he upper part with 
hydrogen, wUl the two gases mix t 

After a few hours the two gases will be found eqitaUy 
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mingledj as much carbonic add being at the top of the 
jar as at the bottom. 

1383 Does this Jaw appear to be opposed to the principles of ihc Una of 
gravitation? 

It appears to be apposed to it / the only exception wo 
are acquainted with in the natural world. 

X384 How much carbonic acid is estimated to exist in the atmosphere f 

i About on^part in two thousand^ hy volume. 

1386 If this were aU collected in one layer over the surface of the earthy 
haw great a thickness would this layer or stratum have t 

About thirteen feet. 

1388 Can we hreaihe carbonic addl 

No; the animal immersed in it dies infisUmUy. 

1387 Ify then, this singular law of the diffusion of gases did not prevail^ 
woukt the surface of tfie earth be habiiable t 

It would not; carbonic gas would fill up all the 
valleys and lower levels, separating every hill and ele- 
vation f)y an invisible ocean of poisonous gas, as im- 
Eassable as the barrier between the dead and the 
ving. 

1388 Is U wring to this law that we are enabled to e^joy and perceive 
at a distance the odor of a fUnver-garden, or the perfume which has been 
opened in an apartment t 

^ It is by this law that a vapor, arising by its own 
elasticity from a volatile substance, is oattsed to extend 
its influence and mingle with the surrounding atmo- 
sphere, until its effects become so enfeebled by dilution 
as to be imperceptible to the senses. 

1389 If the oxygen and niirogen of which our atmosphere is composed 
were combined together, instead of being merely mingled, what wouid the 
compound bet 

A most deadly poison. 

1300 Whai gas is generated by a lighted candle or lamp? 

Carbonic acid gas — formed by the union of the carbon 
of the oU or tallow with the oxygen of the air. 

1301 Und&r whai circumstances does carbon mcst readily unite with 
ooeygent 

1. When its temperature is raised : thus, if carbon 
be red hotj oxygen will most readily unite with it ; 
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2. Carbon in the hlood unites readily with oxygen 
during resjnration / and 

3. Carbonic acid is fonned in laree quantities during 
the chemical changes which we cM fermentation, 

18G2 Is carbonic acid in any degree wholesome t 

No ; it is fatal to animal life, and (whenever it is 
inhalea) acts like a narcotic* poison, producing drowsi- 
ness, wnich sometimes ends in death. 

1303 y^jyen persons commit suicide by building a charcoal firs in a 
closed room, what occasions their death t 

The inhalcUion of carbonic a^ctd, which is generated 
by the combustion of the charcoal. 

1304 Sow can any one know if a place be infested with carbonic acid 
gasf 

If a pit or well contain carbonic acid, a lighted candle 
(let down into it) will be instantly extingfuished. The 
rule, therefore, is this : where a candle will hum^ a man 
can live ; but v)ha;t will extinguish a cartdle^ will also 
destroy life, 

18G6 Why does a crowded room produce headache t 

Because we breathe air vitiated by the crowd, 

13GS Why is the air of a room vitiated by a crowd t 

Because it is deprived of its due proportion of oxy- 
gen, and loaded with carbonic acid. 

1307 How is the air of a room affected thus by a crowd? 

The elements of the air inlialed are separated in the 
lungs ; the oxygen, incorporated in the blood, forms 
carbonic acid ; and the carbonic acid (together with 
the nitrogen) is thrown back again by the breath into 
the jroom. 

1308 Jb aUthe nitrogen reeded by the lungs t 

Yes; all the nitrogen of the air is always expired, 

X300 ffow much oxygen does a full-grown person consume per hour t 

It is calculated that an adult of average size absorbs 

♦ A narcotic is a substance which, when used as a medicine, relieves 
pain and produces sleep, but in poisonous doses produces death. Opium, 
laudanum, tobacco, etc., are narcotics. 
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about a euhio foot of oxygen per hour by respiration, 
and consequently rendere five cubic feet of air unfit for 
breathing, since every five cubic feet of air contain one 
cubic foot of oxygen. It is also calculated that two 
wax or sperm candles absorb as much oxygen as an 
adult. 

1400 lb keep the air of a room pure^ how much fresh air should he 
allowed to pass in per hour t 

Five cubic feet for each person^ and two and a half 
cubic feet for each candle^ snould be allowed to pass in, 
and an equal quantity to pass out. 

1401 Why do persons in a crowded church fed drowsy t 

1. Because the crowded congregation inhale a large 
portion of the oxygen of the air, which alone can sus- 
tain vitality and healthy action ; and 

2. The air of the church is impregnated with carbonic 
acid gaSj which (being a strong narcotic) produces 
drowsiness in those who inhale it. 

140d Why 4o persons who are much in (he open air enjoy the best 
heaUht 

Because the air they inhale is much more pure than 
the air of close and confined rooms. 

1403 How does vegetation (trees and flowers) serve to pwrify the airt 

1. Because trees and flowers absorb the carbonic 
acid generated by the lungs of animals, putrid sub- 
stances, and other obnoxious exhalations ; and 

2. Trees and flowers restore to the air the oxygen 
which man and other animals inliale. 



Why is the air of cities generally less pure than the air of th€ 
open country t 

1. Because there are more inhabitants to vitiate the 
air; 

2. The sewers^ drains j hinSy and fUh of a city very 
greatly vitiate the air ; 

3. The streets and alleys prevent a free circulation ; 
and 

4. Tliere are fewer trees to absorb the excess of car- 
bonic acid gas, and restore the equilibrium. 
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1405 Why are persons who live in close rooms and crowded cities 
generally sickly t 

Because the air they breathe is not pure, but is (in 
the firet place) defective in oxygen^ and (in tlie second) 
is impregnated with carhonio acid gas. 

140B Where does the carbonic acid of close rooms and cities corns 
from? 

From the Innes of the inhabitants, the sewers, drains, 
and other like places, in which organic substances are 
undergoing decomposition. 

lAO'T What becomes of (he carbonic add generated in crowded diiesf 

It is gradually diffused through the air, absorbed by 
vegetation and by water, and wafted by the winds to 
different localities. 

1408 Does not this constant diffusion of carbonic acid a feci the purity 
ofthewJioleairt 

No ; because it is wafted by the wind from place to 
place, and absorbed in its passage by the vegetable world. 

140d What is choke damp t 

Ca/rbonic a^cid gas accumulated at the bottom of wells 
and pits, which renders them noxious, and often fatal to 
life. It is called choke damp, because it chokes (or suf- 
focates) every animal that attempts to inhale it. 

It suffocates without getting into tlie lungSj by clo^g the glottis spas' 
modicaUy, 

1410 Why is not this carbonic acid taken up by the air and diffused^ a* 
it is in mties t 

Because (being heavier than common air) it cannot 
readily rise from the well ox pit ; and no wind can get 
to it to blow it away. 

By the chemical law of diffusion, a portion of the carbonic acid which 
accumulates at the bottom of wells and pits, is removed; but in many 
cases this abstraction is more than counterbalanced by an increased 
supply. 

1411 ffow much carbon in the form of carbonic acid passes through the 
hmgs of a healthy person every twenty-four hours f 

The quantity would be very accurately represented 
by a 7nas8 of charcoal of the weight oi fifteen ounces. 

The volume of carbon in the atmosphere, although it forms but one per 
cent, of the carbonic acid existing in it, exceeds in amount all the carbon 
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that is stored in the earth in the fofm of ooal, or spread over its surface in 
the form of animals or vegetables. 

3l4slS What are the chief sources of carbonic add t 

Combtcstion, respiration of men and animals, the 
decomposition (^ or ffanic substances^ and the exhalations 
of votcarwes. Carbonic acid also exists in large quan- 
tities in the atmosphere, in most watery, and combined 
with minerals in a solid state, as in marble, which con- 
sists of lime united to carbonic acid. 

143.3 From which of these sources is carbonic acid most Ukdy to accu- 
mukUe to a noxious extent t 

From the fermentation find jnitref action of decaying 
vegetable and animal matters. 

31414 ffow can this accumtilation of carbonic acid bepreventedf 

By throwing quicklime into places where such fer- 
mentation and putrefaction are going on. 

141.6 ffow wiU quicklime prevent the accumulation of carbonic acidf 

Quicklime will absorb the carbonic acid^ and produce 
a combination, called "carbonate of lime." 

1416 Does not heavy rain^ as well as quickHm/ef prevent the aceumulor 
Hon of carbonic acid t 

Yes ; an abundant supply of water will prevent the 
accumulation of carbonic acid, by dissolving it. 

1417 Is the external air always in motion t 

Some portion of the atmosphere is always in motion. 
Currents of warm air ascending, and currents of cold 
air descending. 

1418 Is the air of our rooms always in motion t 

Yes ; there are always two currents of air in the 
room we occupy; one of hot air flowing out of the 
room, and another of cold air flowing into the room. 

1410 Row do you know that there are these two currents qf air in 
every occupied room t 

If I hold a lighted candle near the crevice at the top 
qf the doory the flame will be blown outwards (towards 
the hall) ; but if I hold the candle at the bottom of 
the door^ the flame will be blown inwards (into the 
room). 
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This is not tho case if a jire be in the room. When a fire is lighted, 
an inward current is drawn through oXL the crevices. 

X480 Why woidd the flame he hhwn oviwards {Uma/rds the kcUl) if a 
candle be hdd at the top of the door t 

Because the air of the room being heated, and con- 
sequently rarified, ascends^ and (floating about the 
upper part of the room) some of it escapes through the 
crevice at the top of the door^ producing a current of 
air outwards (into the hall). 

1431 Why would the flame he blown inwards (into the room) if the 
candle be hdd at the Ifottom of the door t 

Because a partial vacuum* is made at the hottom of 
the Toarn^ as soon as the warm air of the room has 
ascended to the ceiling or made its escape from the 
room ; and the cold air from the hall rushes under the 
door to supply the void. 

1423 WhaX is meant by a partial vacuum being made at the bottom 
of the room t 

It here signifies a plrfce from which the air has been 
taken ^ and a "partial vacuum" means a place from 
which a part of the air has been taken away. Thus, 
when the air near the floor ascends to the ceiling, a 
partial vacuum is made near ihejloor. 

1433 Arid how is the vacuum filled up again t 

It is filled up by colder air, which rushes (under the 
doorj and through the window crevices) into the room. 

1434 Give m£ an illustration. 

If I dip a pail into a pond and fill it with water, a 
hole (or vacuum) is maae in the pond as biff as the 
pail ; but the moment I draw the pail out, the hole is 
filled up by the water around. 

1436 Show Tiow this iUtistration applies. 

The heated air which ascends from the bottom of a 
room is as much taken away as the water in the pail, 
and (as the void was instantly supplied by other water 
in the pond) so the void of air is supplied "by the air 
around! 

1436 Why is a room {even without a flre) generally warmer tha.n ihi 
$pen air? 

10 
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Because tlie air in a room is not svbfect to much 
change, and soon partakes of the same temperature as 
our bodies, when it no longer feels cold. 
3.437 WliydowegeneraUyfeelcoidfroui-of-dooTaOia'ain-dooTsf 
Because tlie air (wliicli surrounds us) is always 
changing ; and as fast as one portion of air hag become 
warmer by contact with our body, another colder j^or- 
tion surrounds us, to absorb more heat. 
1438 Why w there always a dranghi thnmyh the window crevices t 
Because the external air (being colder than the air 
of the room we occupy) rushes tlirough the window 
crevices, to supply the d^jiciency caused by the escape 
of wann air up the chimney, etc. 

14S9 Why, iBhiM we kindU a fire in a slave or graie, does the tnutke 
aacend Ihe chxmaey t 

"When a fire is lighted to wann a room, the smoko 
and other gaseous products of combustion, being lighter 
than the air of the room, ascendi, and soon fill the chim- 
ney with a column of air lighter, bulk for bulk, than 
a column of atmospheric air. 

1430 la Ote'aiman of light air in the chimney pressed tipJiy a column 
«f eqwd nze tm Ihe exterior of the chinaiey t 

It 18. 

1431 What, then, is the draujhlo/ 
a dtimneyt 

It is the rate or speed with 
which the column of cold air 
outside the chimney pushes 
up the column of warm air 
inside the chimney, and this 
draught will be strong and 
efiTective just in the same 
proportion as the column of 
air in the chimney is kept 
warm. 

Fig. 47 repreaenta a sectLon of a 

ftralo anil cliimiiey. C D represents 

■a tlie liglitand warmcolunin ofair with- 

- in the chimne}', and A B the cold and 

fl(. tl heavj column of air ouleide ths chim- 
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ney. Tlie column A B being cold and heavypresseadown, the column C 
D being light and wann rusliea up, oud tlie greiiler tlie dJlTcreiico between 
the weight of these two columrjts the grcatur will bo tliu drui^ht. 

X432 Sow do chimneys quieten the asceiU of Jiol air t 
By keeping a long column of it together. A column 
of two feet Ligh rises, or is pressed up, with twice as 
much force as a column of one foot, and so in projior- 
tion for all other lengths — juet aa two or more coiks, 
strung together and immersed in water, tend upwards 
with proportionablj more force than a single cork. 

In a chimney where one foot m height of the column of hot nir in oat 
oi'Lce lighter than the same bulk of exteniol cold air, ir tlia cliininey be 
one undred feet high, the air or srooke in it is propelled upwards with 
a foJX. of one hundred ounces. 

143. 7b what is Bis draught of a chimney in aS cases pr(^iortUnMl lo t 
With sufficient fire, to the length of the chimney. 

1434 Why are the ckimneya of large manufaclona gejieraUy vei-g 
kight 

A long chimney causes a current 
of air to pass tlirough a fire veiy 
rapidly, and at the same time very 
uniformly. On these accounts, for the 
fires of stoam-engines, etc., long chim- 
neys are preferred. 

1436 When the temperature of the air in a room 
and of Oie air vatside are the same, wOl there be any 
draytght vp the chimney t 

Tliere will be no draught. 

143e W hea there is no Jire in stove ornate, and 
the air of a rocrm is warmer than the air ovJaide, wiS 
there be a drcaloHcn up and doum the chimney t 

In such cases there will generally be 
two currents, up and down the cnim- 
ney, especially if the doors and win- 
dows of the room be tight. The warm 
air of the room will ascend through tlie 
chimney, and the cold air descend by 
the side of it^ two currents readily cir- 
culating through one tube. The direc- 
tion of the art-owB, in Ft^. 48, will show Fi«.*a. 
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the lines of the current, descending the chimney and 
circulating round the apartment. 

1437 Why does an aparttnent often smetl disagreeably of soot in sum- 
mer-time t 

Because the air in the chimney (being colder than 
the air in the apartvienf) descends into the room^ and 
leaves a disagreeable smell of soot behind. 

X438 How oughi diimneys to he constructed f 

A chimney should be constructed in. such a way 
that the flue or passage will gradually contract from the 
bottom to the top, being widest at the bottom, and the 
smallest at the top. 

1.43Q Why is it eapedient to construct a chimney in (his manner f 

At the base of the chimney, the hot column of air fills 
the entire passage; but as the hot air ascends it 
gradually cools and contracts, occupying less space. If, 
therefore, the chimney were of the same size all the 
way up, the tendency would be, that the cold external 
air would rush down to fill up the space left by the con- 
tmction of the hot column of air. This action would 
still further cool the hot air of the chimney and 
diminish the draught. 

X440 Why will a long chimney smoke^ unless the fire be pretty fierce f 

Because the heat of the fire will not be suflicient to 
rarefy all the air in the chimney. 

1441 Why will the chimney smoke^ unless (he fire be fierce enough to 
heat all the air in the chimney-flue f 

Because the cold air (condensed in the upper part of 
the flue) wiU sink from its own weight / and sweep 
tlie ascending smoke ba^k into the room. 

1448 What is (he use of a cowl upon a chimney-pot t 

It acts as a screen^ to prevent the wind from blowing 
into the chimney. 

1443 What harm would the wind do if it were to blow into a chim- 
neyf 

1. It would prevent the smoke from getting out ; 
and 

2. Tlie cold air (introduced into the chimney by the 
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wind) would faU down the flue^ and drive the smoke 
with it into the room. 

1444 Why do some diimneys smoke f 

Because fresh air is not admitted into a room as fast 
as it is consumed hy the fire / in consequence of which 
a current of air rushes down the chimney to su^yply th$ 
deficiency^ driving the smoke along with it. 

1.446 Why do blowers^ when placed before a graie^ tend to kindle 1h$ 
firef 

A blower is a sheet of iron that stops up the space 
above the grate bare, and prevents any air from enter- 
ing the chimney except that which passes through the 
fuel and produces combustion. This soon causes the 
column of air in the chimney to become heated, and a 
draught of considerable force is speedily produced 
through the fire. The increase of draught increases the 
intensity of the fire. 

1445 Which is the hoUesi part of a room f 

Tlie upper part, near the ceiling. The warm air 
being the lightest seeks the highest position. 

1447 Which is the coolest part of a room f 

The lowest part, near the floor. Cold air being dense 
and heavy seeks the lowest position. 

1448 By which means is a room better ventHaied^ by opening the upper 
or the lower sash f 

A room is better ventilated by opening the upper 
sash / because the hot vitiated air (which always as- 
cends towards the ceiling) can escape more easily, 

1449 WhjoX iemperaiure is most proper for keeping an apartmani in 
a heaWiy and pleasant condition during the cold season f 

From 65° to 70° F., with 2ifree ventilation. 

1450 IIow are hovses and other buildings healed with hot air f 

The fire is kindled in a furnace which is erected in 
the cellar. This fire heats the air in contact with it in 
the air-chamber^ as it is called, and as heated air 
always ascends^ it is forced up into the different apart- 
ments of the building. 
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1461 Which would prove the warmest upon a bed — a blankei, or an 
oiled silkj or Indiorrubber air-tiglit covering f 

The air-tight covering. 

1452 Why do we not use oiled silk or Indiornibber bed coverings in 
the winter f 

Because they prevent ventilation^ and, by ehntting 
in the insensible perspii'ation, soon produce danvpnem. 

1463 Whatissmoket 

Small particles of carbon separated by combustion 
from the fuel, but not consumed. 

1464 Is there a circulation of the air fhrough (he bed coverings at 
night f 

Yes ; from every part of the bed-clothes immediately 
over the person there is a constant outward oozing of 
warm air, and an oozing inwai'ds of cold air in lower 
situations aroi^nd. 

1455 In what two ways is heai commvnicaied to apartments by fires 
kept in them t 

By radiation and immedioite contact. 

The first portion passes through the air in diverging lines with great 
velocity. The second penetrates slowly through the substance of the 
densest bodies. To enjoy the full effect of radiated heat, we must be in 
the presence or sight of the radiating object To receive conducted heat, 
we must be in contact, either directly or through some intervening me- 
dium, with the body that imparts it 

1456 Does a person who sits by afire in the open air receive any heai 
by conduction f 

Very little; for the air which surrounds the fire 
having nothing to confine it, ascends by its diminished 
specif gravity as fast as it is warmed, and its place is 
immediately supplied by strata of cold air from beneath. 

1457 Wm a person sitting beside a fire in the open air be exposecfi 
"tpon (he side of his body removed from (hefire^ to additional coldf 

lie willy because cold currents rush in from every 
nde towards the fire. 

1458 Why are open fireplaces %U adapted for the economical healing 

if apartments f 

In an open fireplace the air fiows from the room to 
the fire, becomes heated, and passes off directly into 
the chimney, without having an opportunity of parting 
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with its heat for any useful purpose. In addition to 
this, a quantity of the air of the room, which has been 
warmed by radiation, is uselessly carried away by the 
draught. 

X459 Wfiai are the advantages of a stove over an open fireplace f 

1. Being detached from the walls of the room, the 
greater part of the heat produced by combustion is 
saved, The radiated heat being thrown into the walls 
of the stove, thev become hot, and in turn radiate heai 
on all sides to tne room* The conducted heat is also 
received by successive portions of the ai? of tlie room, 
which pass in contact with tlie stove ; 

2. The air being made to pass through, the fud^ a 
small supply is suflicient to keep up the combustion, so 
that little need be taken out of the room ; and 

3. The smoke, in passing off hj a pipe, parts with 
the greater part of its heat before it leaves the room. 

1.460 What are the disadvanta>ges of stoves f 

Houses containing them are generally ill ventilated. 
The air coming in contact with the hot metal surfaces 
is rendered impure, which impurity is increased by the 
burning of the dust and other substances which settle 
upon me stove. The air is, in most cases, kept so dry 
as to render it oppressive. 

14Q1 Upon what principle are (he common hot-air furnaces for warm- 
ing houses constructed f 

A stove^ having large radiating surfa^ces^ is inclosed 
in a chamber (generally of masonry). Tliis chamber 
is generally built with aouble walls, that it may be a 
better non-conductor of heat. A current of air from 
without is brought by a pipe or box, and delivered un^ 
der the stove, A part of tnis air is admitted to supply 
the* combustion ; the rest passes upwards in the cavity 
between the hot stove and the walls of the brick cham- 
ber, and, after becoming thoroughly heated, is con- 
ducted through passages in which its lightness causes 
it to ascend, and be delivered in any apartment of the 
house. 
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Constraetloo of ftimaoeai Combustion. 

14623 In the construction and arrangeTneni of a fwnxace for warming^ 
what two poinia are of special importance, so far as regards the economy of 
fuel? 

1. The perfect comJyustion of the fuel ; and 

2. The best possible i/ransmisdon of all the heat 
formed, into the air that is to pass into the rooms of 
the house. 

1463 How is fhe first of these requisites obtained f 

By having a good draught and a fire-box which is 
broad and shallow, so that the coal shall form a thin 
stratum ; by which arrangement the carbonic acid gas 
will be freely^ formed, and pass oft* without a previous 
production of an imperfectly burnt product. 

1464 ffow is (he second offhese requisites attained t 

By providing a great quantity of surfaces in the form 
of pipes, drums, or cylinders, through which the smoke 
and hot ffases must pass on their way to the chimney, 
and to wnich their heat will be imparted, to be in turn 
delivered to the cold and pure air of the rooms of the 
house. 



CHAPTEE II. 



COMBUSTION. 



1465 Wlwi is cornbustiMi t 

Every species of combustion with which we are 
familiarly acquainted is the rapid chemical union of .the 
oxyaen of the air with a combustible body, attended 
witn the evolution of light and heat 

1466 ffow may comhtstion, as we ordinarily see it, he regarded f 

It may be regarded as simply a process of oxidaiAon. 

1467 WlwA do we mean by the term oxidaiion f * 
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Matter not destroyed by oombnstioD. Heat, how originated by oombastion. 

* ■ rf 

The combination of some substance with oxygen, — • 
or the act of combining with oxygen. 

X46S Js {here not always an increase in weigM during the corribustion 
of injUvmmable ma^ialsj rather than a loss f 

The products of combustion always exceed the weight 
of the original substance burned, by an amount equal 
to the weight of the oxygen gas absorbed dming the 
combustion. 

* 14QG What becomes of (he oxidized products of combustion f 

They for the most part combhie with oxygen to form 
gases and vajxyrs. We apply to these products the 
general term smohe. 

1470 What is an essential requisite to every process of combustion f 

That there should be a free supply of air, and that 
the products of combustion, or the smoke^ should be 
conducted off. 

1471 Why^ yj?ien we bum a candle or a piece of wood in the air^ does 
there always seem to be a loss of matter t 

Because the results of combustion in these cases are 
either gases or vaporSj the existence of which, not being 
apparent to common observation, requires to be made 
known by experiment. 

Until nearly the close of the last century it was generally believed and 
taught, that when a body was burned, something went out of it, — that it 
lost weight Lavoisier, a celebrated French chemist, overthrew this doc- 
trine by burning a substance in connexion with an arrangement whereby 
all the results or products of the combustion were saved. These on 
being weighed showed a gain rather than a loss, the amount being equal 
to the quantity of oxygen which had been absorbed from the air duiing 
the process of combustion, by the burning substance itself 

147S How is heat evolved by corribustion t 

By chemical action. As latent heat is liberq-ted, 
when water is poured upon lime, by chemical action, 
so latent heat is liberated in comhustdon by chemical 
action also. 

1473 What chemical ad.von takes place in combustion f 

Tlie elements of the fuel combine with the oxygen of 
the air. 

1474 What is the temperature reqtdred 1o induce (he combination of 
Bxygen with any substance called f 

10* 
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The barning point — ruai — aflame— Are. 



Tlie huming point. 

1475 Is {his point different for differerU substances f 

It is : thus phosphorus will combine slowly at 77° F., 
but does not enter into rapid combustion until the tem- 
perature is raised to 104° F. Charcoal burns slowly 
below a red heat. 

1476 Is (he quantity of Tieai given ouij when a "body combines tlo^vly 
with oxygen^ the same as when it combines rapidly with it, (he relative 
quantities of the combining bodies remaining the same in both cases f 

The total quantity of heat given out is the safne, 
whetlier the combustion takes place slowly or quickly : 
but in the case of slow combustion, tlie heat is mucn 
less intense, and often becomes insensible, because 
during the long time occupied in combination the 
greater part is carried away by conduction. 

1477 Is the quantity of light given out the sarne, whether (he cornbus- 
tion be rapid or slow t 

No : the quantity of light given out during the com- 
bination of oxygen with a given quantity of a com- 
bustible body varies greatly^ according to the rapidity 
of the combustion. 

1478 WhaJtisrustf 

The oxidoution of iron in moist air. 

14 70 When iron rusts in the air is heat given ouit 

Certainly ; but the process of rusting takes place so 
slowly that the amount of heat given out at any one 
time is imperceptible to our senses. 

1480 Wfiai is flame t 

Burning gas or vapor, 

1481 What is fire f 

Jleat and light produced by the combustion of in- 
flammable siibstances. 

1482 W?iat does the brightness or illuminating power of flame depend 
pnf 

It depends on the degree of heat in part, but mainly 
Dn the presence or absence of solid particles in the 
flame, which may act as radiating points. 

1483 Are there solid particles in every illuminating flame f 
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W hen will a lamp smoke f Benefit of glass chimney on lamp. 

There are / and if we present a cold surface to the 
flame, they become deposited on it in the form of ^ooL 

1484 When we say a lamp smokeSj what do we mean f 

That the solid parts of the flame are passing off in an 
unconsumed state, 

1435 When th^ flame bums properly^ why does the STnoJce cease to H 
emitted t 

Because the solid particles of carbon constituting the 
smoke are humed up^ or are completely united with 
oxygen, forming an mvisible gas — carbonic acid. 

1486 Frofm wTiai source is the carbon, constituting the illuminating par- 
tides in the one case and the soot in the otJier, derived? 

It was originally a part of tlie burning or comhistihU 
hody. 

1487 When vnU aflame STnokef 

When the supply of oxygen received from the air ig 
insufficient to consume aU the carbon which the heat 
separates from the combustible body in the form of 
soot 



What benefit arises from surrounding aflame with a glass cyUr^ 
der or chimney open at the bottom and top f 

When a flame bums without a chimney, the hot air 
radiates in all directions / but when it is surrounded 
by a chimney, the hot air is confined within the walls 
of the cylinder: consequently, tlie hot air will issue 
rapidly from the top of the chimney, and cold air will 
enter equally fast at the bottom to replace it In this 
way a constant current of fresh air is Kept up through 
the centre of the flame, causing a more perfect com- 
bustion, and a brighter and stronger flame. 

1489 Why in solar and astral lamps do we we a hoBow or circular 
wickf 

In order that a current of air may rus'n up through the 
interior surface of 4;he flame as well as aiong the exterior. 

1400 WJuUisfueir 

Any substance which serves as aUnzcrJ or food for 
{tre. In ordinary language we mean by fuel the pecu- 
liar substance of plants, or the products resulting from 
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'What is fbel— carbon— charcoal — soot T 

»— — ^— I i^^— — ^^i^-^ ■ I 

their decomposition, designated under the various names 
of wood, peat, and coal. 

1401 What are (he ccmstUuenis of wood? 

Carbon^ hydrogen^ and oxygen^ combined together, 
make up the cliief part of its bulk ; all wood also con- 
tains water. 

I'^QS Whaiia hydrogen? 

f It is an injUimmablegas^ one of the elements of which 
water is composed. Tne gas used in our streets* is in 
great part hy urogen. ily (fiogen, when pure, has neither 
taste nor odor. 

3.403 Whad are (he peculiar characteristics of hydrogen gasf 

1. It is the lightest of all known substances ; 

2. It will bum immediately on being ignited ; and 

3. A lighted candle (immersed in this gas) will bo 
instantly extinguished. 

1494 What is carbon f 

A solid elementary substance^ generally of a dark or 
black color, well known under Uie forms of charcoal^ 
lampblack^ coke, etc. 

1495 What is charcoal f 

Wood which has been exposed to heat until it has 
been deprived of all its gases and volatile parts. 

1496 (km aU animai and vegetable substances^ hy partial burning^ &# 
converted into coal? 

They can. 

1497 In (he charring of animal and vegetable substances, do we gene- 
raJte charcoal, or did it exist (here before t 

The carbon or coal existed there premously^ though 
in chemical combination with other bodies, which are 
principally driven off by heat, as is apparent from the 
fact that a charred body weighs much less than the 
original substance ; animal and vegetable substances 
consist, therefore, in part of coal. 

1498 What is soot f 

Coal in a state of minute divieiony which is deposited 
from the flame of bituminous or pit-coal, wood, oil, 
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How charcoal is prepared. What is mineral cool. 

resin, etc., when, during the combustion of these sub- 
stances, there is an insufficient supply of air. 

1499 Hov) is charcoal prepared t 

By cJiarring wood in mounds or pits, covered with 
turf or soil in such a way as to exclude in a great degree 
the admission of air, and thus prevent complete com- 
bustion. 

1.500 Whai is mineral or hard coal f 

Coal is the product of a vast accumulation of vege- 
table matter, deposited during a remote geological 
period in beds or layers in the earth, and which, by the 
action of pressure, heat, and other causes, has become 
consolidated and hardened into its present form. 

X&OX How does (he coal occur in the earth t 

In strcUa or layers, varying from a few inches to 
several feet in thickness, inclosed between other strata 
of limestone, clay, or iron ore. 

XS02 In wTujU manner is it supposed thai this great accumvlation of 
vegetable material took place f 

The vegetable matter of which coal is composed is 
supposed, by some, to have grown in immense swamps 
or marshes. By others, the vegetable matter is sup- 
posed to have been swept doum by rivers, and deposited 
at their mouths or estuaries in immense beds. 

1503 Are such accumulations of vegetable matter^ Hirough the agency 
of rivers^ going on at the present day f 

At the present time the Hed Hiver of Texas is abso- 
lutely choked up with a rafl composed of t/runks of 
trees and other vegetable matter, many miles in extent, 
and of unknown thickness. Other rivers of the South- 
western United States bring down vegetable materials 
annually, sufficient for the production of vast beds of 
coal. 

1504 How do we know (hat coal is aU vegetable mcUter t 

Because in every coal mine we find the leaves, 
tt*unks, axid fruits of trees in immense numbers, many 
of them in a most perfect state of preservation ; so 
much BO, that the botany of the co^ period can be 
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Dlflbrenee between aothractte and bitnminoaB oodL 

eUulied with nearly as great ease and facility as the 
botany of any given section of the present surface of 
the ejirth. 

1606 What occasuma (he difference between bttuminous and anthraciie 
eoaif 

Bituminous coal contains a large amount of hitumen 
and other pitchy volatile substances which readily 
ignite and bum with smoke and flame. In anthracite 
coal these substances have been driven out ; it is there- 
fore a purer variety of carbon, and burns without smoke 
or flame. 

1.60Q Areihed^posUsof coal of very great extent? 

They are ; mineral coal exists in all tlie great divi- 
sions of ths earth. The largest deposits of coal, how- 
ever, occur, in the United States, in Pennsylvania and 
the Valley of the Mississippi. 

1507 Why mU not stones do for fuel as well as coal t 

Because they contain no hydrogen, and liUle or no 
carbon. 

1608 Of what are oH, tallow^ and wax composed? 

Principally of carbon and hydrogen gas. The solid 
part is carbon, the volatile part is hydrogen gas. 

1609 At what period of the year does wood contain the greaiest amounX 
ofwaierf 

In the spring and summer^ when the sap flows freely 
and the iimuence of vegetation is the greatest. 

1.63.0 Why is wood generally cud in Ike winter seaaon f 

Because at that season there is but little sap in the 
tissues, and the wood is drier than at any other period. 

163.1 Why is it difficuU to inflame coed or hard wood with the blaze of 
a match f 

Coal and h/ird wood on account of their density are 
good conductors, and carry off the heat of the kindling 
substance, so as to extinguish it, before they themselves 
become raised to the temperature necessary for their 
combustion. 

161S Why is it easy to ignite light fuel with a small blaze f 

Light fuel being a slow conductor of heat kin<jRes 



SCIENCE OF COMMON THINGS. 227 

Amoont of water in green and dr j wood. Weight of wood. 

easily, and, from the admixture of atmospheric air in its 
pores and crevices, burns out rapidly, producing a com- 
paratively temporary, though often strong heat. 

1S13 In recently cut wood, wJiat proportion of its weight is water f 

From (merjifih to one-half. 

3.614 After wood has been dried in the air for ten or twelve months, 
how much water does it usvaMy contain f 

From twenty to twenty-five per cent 

1S15 Why do we caU some woods hard, and others soft t 

This distinction is grounded upon the facility with 
which they are worked, and upon their power of pro- 
diidng heat. Hard woods, as the oak, beech, wamut, 
elm, and alder, contain in the same bulk more solid 
fibre, and their vessels are narrower and more closely 
packed than those of the softer kinds, such as pine, 
larch, chestnut, etc. 

161Q How many pounds avoirdupois are there in a cord of dry, hard 
wood t 

From forty-four hundred pounds in a cord of diy 
hickory, to twenty-six hundred in a cord of dry, soft 
maple. 

XBV7 What is the most valuable wood for fuel f 

The varieties of hickory ; after that, in order, the 
oak^ the apple-tree^ the white-ash^ the dog-wood^ and the 
J>eech, 

1S18 What woods give out ^ least heat in burning f 

The white-pine^ white-hirch^ smdpcplar. 

ISIG Why is it unprofUahU to ham green wood or wet coal t 

It is a well-known law of heat that the evaporation 
of liquids^ or their conversion into steam, consumes or 
renders latent a great amount of caloric. When green 
wood or wet co^ are added to the fire, they abstract 
from it by degrees a sufficient amount of heat to con- 
vert their own sap or moisture into steam before they 
are capable of bemg burnt. As long as any consider- 
able part of this fluid remains unevaporated, the com- 
bustion goes on slowly, the fire is dull, and the heat 
feeble. 
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TTnpn^teble to born green wood. Chemical changes produced by combustion. 

1.650 Is there any truth in the remark often made " that it is economy 
to hum green wood because it is more durable^ and therefore in the. end mare 
cheap f " 

No ; it is true that the consumption of green wood 
is less rapid than dry, but to produce a given amount 
of heat, a far greater amount of fuel must be con- 
sumed. 

1.651 In ordinary fud, what three elements enter into the process of ^ 
§ombustiont 

Hydrogen, gas^ carbon^ and oxygen gas; the two 
former in tlie fuel, and the latter principally in the air 
which surrounds the fuel. , 

1.622 WkaJt chemical changes in air and fud are produced by corn- 
hustionf 

* 

1. Some of the oxygen of the air, combining with the " 
hydrogen of the fuel, forms vapor of water : and 

2. Some of the oxygen of the air, combining with the 
carbon of the /uely forms carbonic acid gas. 

1623 Why is there more smoTce when fresh fud is added than when the 
fud is red hot f 

Because more carbon and volatile matters are sepa- 
rated from the fuel than can be reduced hy combust/ion / 
and the sui'plus flies off in smoke. 

1624 WhyistJieresolitUesmokewithared-?u>tfiref 

Because the entire surface of the coals is in a state of 
combustion ; and, as very little of the escaping carbon 
remains unconsumed, there is but little smoke. 

1626 Wfien a coal fire is Ughtedj why are paper and wood laid at the 
bottom^ against the grate t 

That the flame may ascend through the fuel to heat 
it. K the fire were kindled from the top^ the flame 
would not come in contact with the fuel placed below. 

1626 Why do we cover up afire with ashes or cinders to preserve it t 

The covering of ashes or cinders protects the fire 
from the action of the air, and when fuel is deprived of 
air it ceases to bum. 

1527 Why does afire bum so fiercely in windy weather f 

Because the air is rapidly changed, and affords 
plentiful nourishment to the fire. 
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'Why water extinguishes a fire. Caase of the heat of a danghilL 

1.&2& Why does a pair of beUows aid in kindling a fire t 

Because it d7%ves the air more rapidly to thefire^ and 
the plentiful supply of oxygen soon makes the lire burn 
intensely. • 

1629 Why does water extinguish a fire f 

1. Because the water forms a coating over tlie fuel, 
which keeps it from the air ; and 

2. Tlie conversion of water into steam draws off the 
heat of the burning fuel. 

1.S30 Why does a blast of air from a pair of beUows often extinguish a 
red-hot coal of anthracite f 

Because the cold air absorbs the heat of the coal so 
quickly that it extinguishes it. 

ISSl Why can you not light a candle or lamp rvith a match so long as 
the sulphur on the end of it is burning t 

The chemical reason for this well known fact is, that 
the svlphurous add^ formed by combustion of sulphur 
in the air, surrounds the wich^ and abstracts the oxygen 
from the air, by passing to a higher state of oxidation ; 
and this heavy vapor hangs about the wick and excludes 
the air. 

1.S38 Caniwt wood be made to blaze without actual contact with fire f 

Yes ; if a piece of wood be held near the fire for a 
little time, it will blaze, even though it does not toioch 
thejwe. 

1S33 Why will wood blaze, even if it does not touch the fire f 

Because the heat of the fire drives out the inflamr 
mable gas of the wood, which gas is ignited by contact 
with the red-hot coals. 

1634 What causes the heat of fire f 

The carbon of fuel (when heated) combines with the 
oxygen of the air^ and produces carbonic add gas. 
Again, the hydrogen of the fuel combining with other 
portions of oxygen, condenses into water i by which 
chemical actions heat is evolved. 

X53S Whence does ihe heat of a dunghiU arise f 

As the straw^ etc., of the dunghill decays, it under- 
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BencflC of Btirrinp a dall flre. IIow to extinguish a chimney on fire. 
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ffO€^ fermentation, which produces carbonic acid gas / 
and heat is evolved througli a species of combustion. 

1636 On what does the intensity of fire depend f 

Tlie intensity of fire is always in proportion to the 
quantity of oxygen with which it is supplied. 

1637 Why does stirring a dull fire serve to quicken it f 

Because it breaks up the compacted cinders and 
coals, making a passage for the air into the very heart 
of the fire. 

1638 Why is the flame of a candle extinguished when blown by the 
hreatJi^ and not made more intense^ like afire f 

Because the flame of a candle is confined to a very 
small wick, from which it is severed by the breath, and 
(being unsupported) must go out 

163Q When a chimn^ with an open fireplace gets onfire, and hums so 
as to endanger the house^ Ikow may it at once be extinguished f 

By throwing a quantity of brimstone or sulphur into 
the tire, and closing up the ji/replace with a fireboard or 
screen. The 8ulphuix)us acid soon fills the chimney, and 
taking up all the "oxygen from the contained air, ex- 
tinguishes the fire. Even the fire, after it has extended 
into the woodwork of the house, may be extinguished 
by this simple method. 

1640 Fire in a chimney vmy be also exlingmshed by closing (he top of 
the fine with a damper : how does this extinguish the fire f 

It cuts off the draughty and the carbonic acid gene- 
rated by the combustion soon puts an end to the fire. 

1641 WhoX is m>eant by spontaneous combustion f 

Combustion produced without contact with Jire or 
jlaine. 

1643 Give mA an example of spontaneous combustion. 

Oiled cotton and rags imbued with any drying oil, 
when packed in mass in a bari'el, take fire, after a time, 
at ordinary temperatures. Mixed lampblack and lin- 
seed-oil cake take fire at ordinary temperatures, if tlie 
lampblack is in excess, or a portion of it is dry. 

1643 Whai is generally the cause of spontaneous combustion t 

Tlie absorption of oxygen. Porous bodies, that are 
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Why all flames are not equally lumlnons. Cause of the color of a fire. 



at the same time bad conductors of heat, by the 
absorption of oxygen may become red hot, and hnally 
burst into a flame. 

1544: Is pine charcoal capable of taking fire cU an extremely low tem- 
perature t 

Porous bodies, like pine charcoal, when perfectly 
dry, absorb oxygen rapidly from the air, and take fire 
at a temperature below 212° Fahrenheit, or the boil- 
ing-point of water. 

This has been proved by actual experiment, a piece of light pine char- 
coal taking fire on a surface of sheet iron, heated below the boUing-point 
of water. 

164:6 Why are not aUfiames equally hmmious t 

In all flames, the light is mainly emitted from mi- 
nute particles of matter, intensely heated, and floating 
in the burning gas or vapor } and hence a flame con- 
taining few such particles, will emit but a feeble light, 
even though its temperature is very great. 

1S4S Upon whaifa>ct does the production of artificial light depend t 

Upon the fact that at certain high temperatures all 
matter becomes luminous. 

1647 In order thai we may profUably use a combuMtble body for iUt^ 
minating purposes^ what is required of (he products of the combustion f 

That they should be volatile, and freely escape from 
the immediate vicinity of the illuminating centre. 

1648 The product of all the ordinary forms of combustion is a gas — 
carbonic a/^id : what would have been the resvU if the product of every com- 
bustion had been a permanent solid t 

The world would have been buried beneath its own 
ashes. 

1649 Why is (he flams of an ordinary fire yeUow t 

Because the h^at is not sujfieient to render the car- 
bon white hot. Increase the intensity of combustion, 
and the color of the burning bodies or the flames rises 
from red to yellow, and from yellow to white. 

1660 A candle bums when lighted : explain how this is t 

Tlie heat of the lighted wick decomposes the tallow 
into its elementary constituents^ hydrogen and carbon. 
The hydrogen is nrst consumed as a gas by itself with 



233 SCIENCE OF COMMON THINGS. 



Phenomeiia of oombnstion in the flame of a eandle. 



an alnioet imperceptible light, but with a powerful 
evolution of heat; this causes the carbon, simultane- 
ously eliminated, to become incandescent and conse- 
quently luminous. 

X66X As mare carbon ia successively eliminated, uihai becomes of it f 

Tlie moment the incandescent floating carbon comes 
to the edge of the flame, it finds the oxygen of the air, 
unites with itj and becomes converted into the invisible 
ffos^ carbonic acid^ while its place is occupied immedi- 
ately by another portion of solid carbon. 

1662 Wfujtt if there is not sufficient oxygen to consume the carbon t 

It then passes off as sootj and we say the candle 
smokes. 

1663 Where is the tallow or wax of a candle decomposed f 

In the wick. Tlie melted tallow or wax rises up^the 
wick by capillary attraction, and is rapidly decom- 
posed by the heat of tlie flame. 

1654 Of what three parts does the flame of every lamp or 
candle consist f t 

Tlie flame of every lamp or candle consists /i 
of three cones. The innermost cone (a, jFig. /a\<? 
49) consists of gaseous matter produced by the ;^\\ 
decomposition of the tallow ; this is at a tem- //T\ ^ 
perature below redness. Around it is the In- // A \\ 
minous cone {h\ consisting of buniing hydro- ( ( AA)) 
gen, in which tlie particles of carbon float at a ''^i^J 
white heat ; and on the very outside {c\ a ^5l^ 
thin, hardly-perceptible veil in which carbon llll j m 
is burning. The veil is of a blue color, most ^""^^ 
plainly seen at the bottom of the flame. rig, 49. 

1656 Which is (he hottest part of thefUnne t 

Tlie pcde Hue flame / this marks the point where 
the combination of the oxygen, supplied from without, 
with the combustible matter evolved from the interior 
takes place. 

I66Q Why does the flame of a candle point upwards t 

Because it heats tlie surrounding air, which (bein<5 
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hot) rapidly ascends^ driving the flame upwards at the 
same time. 

1667 Why does the hand^ hdd above a candle^ suffer more from Jieat 
than when it is placed heUno thefiame^ or on one side of it t 

Because the hot gases and air (in their ascent) come 
in contact with the hand placed a&c>'<!;6 the flame ; but 
when the hand is placed below the flame, or on one 
9ide^ it only feels heat from radiation. 

X668 Why is not the wick of a candle consumed t 

Tlie wick, although it is blackened by the heat, is 
prevented from consuming, merely because it is sur- 
rounded by infiammcible vapor^ so that the oxygen of 
the atmosphere has no access to it. 

X669 Why do aM closed lamps require a small hole in the top f 

To admit the air ; otherwise the pressure of the 
atmosphere will prevent the oil from ascending the 
wick; if th&bole be obstructed, the oil will sometimes 
^vvr/tow from the expansion of the confined air. 

X660 Why do we use ground-glass globes for lamp shades t 

To relieve the eye from the glare of lidit. Ground- 
glass shades have the effect to disperse the rays by the 
numerous reflections and refractions which they occa- 
sion ; until at length the light issues from all parts of 
their surface, and it appears as though the glass itself 
were the luminous body. 



CHAPTER III. 

KESPIRATIOK AND NUTETnON. 
X661. What is respiration f 

The act of inhaling air into the lungs, and again 
estpeUing it 
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Combmtlon « Ibrm of respiration. Constmction of the lungs. 



WtMi is the object of dramng air into ihe lungs and again expd- 
ling a f 

To oxidize the carbon and hydrogen of the blood. 

1663 We receive into the lungs oxygen through the medium of the atrruk- 
spJiere, mingled with nitrogen : wlwi do we expel from the lungs t 

The nitrogen returns unaltered; the oxygen unites 
with the carbon of the blood to form a gas — carbonic 
acidj and with hydrogen to form the vajpor of water. 

X664 Are not these the same products of every ordinary form of com- 
htstionf 

They are ; therefore respiration or breathing is but 
a form of combustion. 

1CS6CS R is estimated thai a man receives into his system about eigJU 
hundred pounds of oxygen from tJie atmosphere in a year^ but his weight ai 
the end of the year has increased bvi litUe^ or not ai all : whai becomes of aU 
this oxygen t 

No part of it remains in the body, but is given out 
again^ conxbined with carbon and hydrogen, 

1666 How much carbon passes oui of the system of an aduU man by 
the agency of respiration daily t 

About fifteen ounces. 

1667 Hofw is this great abstraction of material from the body made up f 

By the/ood wliich we eat. 

1668 What are the lungs t 

Lungs are made up of bloodvessels imbedded in a 
fleshy substance whicn we denominate cdlular tissue^ 
and expanded over th& walls of a series of chambers or 
cavities. 

They are so situated in the thorax (or chest) that the air must enter 
into them whenever the cavities of the thorax are enlarged. The process 
of breathing is performed thus: When we inhale, the thorax (or chest) 
is expanded ; in consequence of which a vamum is formed round the 
lungs, and the heavy external air instantly enters (through the mouth and 
throat) to supply this vacuum. 

Wlien we exhale, the thorax contracts again; in consequence of 
wliich it can no longer contain the same quantity of air as it did before, 
and some of it is necessarily expelled. When this expulsion of air takes 
place, the lungs and muscular fibres of the windpipe and gullet cmUract in 
order to assist the process. 

1669 Jb what may the mechanism of the lungs in respiraiUm be comr 
pared f 

To the action of a bellows. 
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Necessity of oleanliness. Color of the blood. 



15 70 Do we respire or absorb and expel oxygen in any other way than 
Virongh the lungs t 

We breatlie also in a degree through the pores of 
the skin, absorbing oxygen and expelling carbonic acid. 

1571. Bo extensive burns on the surface of the body frequently produce 
diseases of Uie lungs f 

They do. 

157S Why shovM eoctensive bums on the surface of the body tend to 
produce diseases of the lungs t 

Wliile in a condition of health, the skin tranquilly 
aids the lungs in the expulsion of carbonio acid from 
the body ; but the portion of the skin which has 'been 
scorched by an extensive bum, no longer being able to 
perform that function, the lungs are obliged to assume 
an extra dtUt/y and suffer as a consequence of their 
exertion. 

1573 If by neglect of washing^ we suffer the skin to become covered with 
impurities^ do we not disturb the hJaMhy action of the system f 

We do ^ there is no better-established law of lieallh, 
than that the surface of the whole body should be kept 
clean and free from all impurities. 

1574 If the carbon taken from the system tfirough the agency of Vie 
lungs be not 'i estored, what is the consequence f 

Starvation ensues. 

1575 Uau) does the oxygen we inhale m,ingle with the blood f 

Tlie oxygen of the air is absorbed in the lungs by the 
blood, and imparts to it a bright red color. 

157Q How does oxygen convert the color of blood into a bright red t 

The coloring matter of the blood is formed by very 
minute globules floating in it. Tlie oxygen uniting 
with these globules changes their color to a bright red. 
The blood contains iron, and this metal is sup|x>sed to 
play an important part in the coloration of the blood. 

1577 "What color is the blood before it is oxidized in the lungs t 

A dark purple / the oxygen turns it to a bright redx 

1578 Do plant's respire as weU as animals t 

They do ; and their leaves may be regarded as per- 
forming for them similar offices as the lungs of animals. 
They are the breathing organs of plants. 
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How water pUuits parity the water. Caxtae at animal heat. 



1679 la there any difference between the reapiraiUm of plants and 
animals t 

Tlie process of respiration in plants is exactly the 
reverse of that in animals. Animals absorb oxygen^ and 
give otU carhonic acid ; plants, on the contrary, absorb 
carbonic acid^ and return oxygen. 

1680 R is estimated that the population of London adds to the atmO' 
tphere daily 4,600,000 pounds of carbonic acid : how is Viis innncnse quan- 
tity of deleterious gas removed from the atmosphere f 

Principally through the agency of plantSy which 
absorb it 

1C81 Do water-plants purify and free water from carbonic acid in the 
same manner that Umd-plants purify the atmospJiere t 

The respiration of fishes produces carbonic €und^ and 
Tinless this is removed from the water, animal life will 
cease to exist in it. Water-plants absorb the carbonic 
acid from the water, and restore the oxygen. 

1682 During bright weather^ the leaves of water-plants, it wiU be no- 
ticedy are covered with Utile bubbles : what are these bubbles t 

Oxygen gas^ liberated by the organs of the plant. 

1C83 R is good policy, in fountains and reservoirs of water^ to free 
(hem whbUy from the presence of vegetable and animal organisms t 

It is not : they are both dependent on one anotJier^ 
and the joint action of the two serves to keep the water 
pure and.wholesome. 

1684 What is the cause of animal heatt 

The oxygen of the atmosphere, received into the blood 
in the lungs, and circulated throuahout every part of 
the animal body, acting upon the elements of the Jvodj 
is the chief source* of animal heat 

1686 Why does oxygen received into the blood produce heat t 

Tlii'ough the medium of the capiUary vessels oxygen 
absorbed from the atmosphere unites with carbon and 
hydrogen. Tliis union is a species of combustion, and 
produces heat in the same manner as when oxygen 
unites with fuel in an ordinary tire, 

1688 What are the capillary vessels t 

Minute bloodvessels or tubes as small as hairs run- 
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Why no heat In the hair. Two kinds of blood, yenous and arterial. 

ning cill over the hody ; tliey are called capillary from 
the Latin word cajpillaris^ " like a hair." 

1687 Do these capillary vessels run aU over (he human hody f 

Yes. Whenever blood flows froTn a wound^ some 
vein or vessel must be divided : and as you can bring 
blood from any part of the uody by a very slight 
wound, these little vessels must run through every part 
of the human frame. 

1688 How do hydrogen gas and carbon get into these very smaU 
vessels t 

The food we eat is converted into blood, and blood 
contains both hydrogen and carbon. 

1689 Does this cornbustUm^ and the consequent production of animai 
heaiy take place in every part of the hody t 

In the animal body, heat is produced only in those 
parte to which arterial bloody and with it tlie oxygen 
absorbed in respiration, is conveyed. 

16GO Why is there no Jieat developed in hair, wool, and feathers f 

Because they receive no arterial blood, and therefore 
in them no heat is developed. 

1691 W?iat two kinds of blood are there in the animal body f 

Arterial blood and venovs blood. 

169 S What is ihe difference between the two t 

The arterial blood going from the lungs conveys the 
oxygen which it has absorbed in the lungs to the capil- 
lary vessels. In these the combustion takes place, and 
the color of the blood changes from a bright to a dark 
red color. 

1693 What becomes of the blood after it has given up its oocygen to the 
hydrogen and carbon in the capillary vessels f 

It entere the veins, carrying with it the products of 
combustion. The venous blood passes to the lungs, 
throws off the products of combustion, absorbs more 
oxygen, becomes converted into arterial blood, with 
a renewal of color, and is again returned into the 
system. 

1694: What become of the carbonic acid gas formed in the human 
bhodf 

11 
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Why a dead t>od7 1b oold. Why we perspire. 

The Zi^n^« ^Ar<>2/7 off' almost all of it into tke a/ir^ by 
the act of re^pirdtion. 

169CS Does the hecU of (he Ttuman body arise from (he same cause as 
the heat of fire f 

Yes^ precisely. The cavhon of the hlood combinea 
with the oxygen of the air inhaled^ and produces ca/r- 
Ionic acid gaSj wnich action developes heat, 

1606 Jf animai Tieai is produced by conibusHon, why does not the 
human body bum up like a coal or candle f 

It actually does so. Every muscle, nerve, and or^an 
of the body actually wastes away like a hv/ming ca/ndlef 
and (being reduced to air and ashes) is rejected from 
the system as useless. 

3.697 If every bone^ muscle, nerve, and organ is thus consumed by com' 
bustion, why is notUie body entirely consumed f 

It would be so, unless the parts destroyed were per- 
petually renewed ; but as a lamp will not go out so long 
as it is supplied with fresh oily neither will the body be 
consumed so long as it is supplied with sufficient food. 

1698 What is the principal difference between the combustion of a fire 
or lamp, and (hat of the human body.t 

In the human body, the combustion is effected at a 
much lower temperature, and is carried on more slowly y 
than it is in a lamp or fire. 

1S99 Why is a dead body cold? 

Because air is no longer conveyed to the lunss after 
respir.ation has ceased ; and therefore animal neat is 
no longer generated hy combustion. 

ISOO Why do we perspire when very hoi t 

The pores of the body are like the safety-valves of a 
steam-engine ; when the heat of the body is very great, 
some of the combustible matter of the blood is thrown 
off in perspiration, and the heat of the body is thereby 
reduced. 

10O1 Why does exercise make us warm t 

Because we inhale air more rapidly when we^exer^ 
cise, and cause tlie blood to pass more rapidly through 
the lungs iu contact with it. 
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Starration and Its effects. Food the fuel of the body. 



1602 Why does inhaling air rapidly make the body feel warm t 

Because more oxygen is introduced into the body ; 
in consequence of which the combustion of the blood is 
more ramd^ the blood itself more heated^ and every 
part of tne body is made wanner. 

1603 Wh£n a man is starved what part of the body goes first t 

First the fat, because it is the most combustible; 
then, the muscles ; last of all, the brain ; and then the 
man dies, like a candle which is burnt out. 

1604 Why does a tnan shrink when starved? 

Because the cc^piUa/ry fire% feed upon tlie human 
hody when they are not supplied with food-fuel. A 
starved man shrinks just as a fire does when it is not 
supplied with fuel. 

leoe What is fuel of (he body t 

Food is the ^ud of the "body. The carbon of the 
foodj mixed with the oxygen of the air, evolves heat 
m the same way that a fire or candle does. 

160B Why does hard work produce hunger 1 

Because it produces quicker respiration ; by which 
means a la/rger amount oj oooyoen is introduced into the 
lungSy and uie capillary commstion increased. Hun- 
ger is the notice (given by our body) to remind us that 
o\afoodfud must be replenished. 

X607 Why do persons fed ktey and averse to exercise when Ihey are 
half -starved or ill fed t 

Because desire for muscular action ceases when the 
body is not supplied with nutritious food. 

1608 Why do we Wee strong meai and greasy food when (he weather 
is very cold t 

Because strong meat and grease contain large pro- 
portions of carbon and hydrogen, which (when burned 
m the blood) produce a larger amount of heat than any 
other kind of food. 

1600 Why are the Esquimaux so passionately fond cf train oil and 
whale blvbber t 

Because oil and blubber contain large quantities of 
carbon and hydrogen, which are exceedingly combus* 
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Activity dingreeable in warm weather. 

tible ; and as these people live in climates of intense 
cold, the heat of their bodies is increased by the greasy 
nature of their food. 

4 1610 Why do we feel Jozy and averse 4o activity in very hot weather f 

Because muscular activity increases the heat of our 
body by quickening respiration^ and lessens our desire 
for active exertion. 

1611 How much more carbon do we Ihrow off from the system by respi- 
ration in winter than in swrvmer t 

Full one-eighth more. 
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LIGHT, AND HOW WE SEE. 
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CHAPTER I. 

NATURE AND LAWS OF LIGHT. 

1615 Through whai agency alone are we enabled to enjoy the sense of 
sighit 

Through the agency of light. 

iei3 What is light t 

Light is now believed to be caused by the agitation, 
vibration, or undulation of an elastic fluid which is sup^ 
posed to occupy and pervade all space. We call this 
supposed fluia ether, and its undulations or vibrations, 
reaching the eye, affect the optic nerve, and produce 
the sensation which we call light. 

1614 What analogy is (here between the eye and the ear f 

The vibrations or undulations of the ether pass alonff 
the space intervening between the visible object ana 
the eye in the same mcmner that the undulations of the 
air^ produced by a sounding body, pass through the 
air between this body and the ear. 

ISlS If we coUect a large quantity of light in one point by means of a 
glass, and Uirow it upon the most sensitive balance, does it indicate any per' 
ceptAle weight t 

It does not, in the slightest degree. 

1616 Whai are the chief sources of lightf 

The sun^ the stars^ Ji/re or conJmstion^ electricity j and 
phosphorescence. 

1617 With whai velocity does Ughi move through space f 
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Telodtj of li|^t Why tome snrlboes are biUUaat and others dalL 

With a velocity of one hundred <md nmety-two ihovr 
sand miles in a second of time. 

1618 Does aU Ught iravd equdUy fasit 

Yes ; the light of the suiij the light of a candle, or 
the liglit from houses, trees, and fields. 

1610 Bow long a Ume does it require /or light to poos from, the dun to 
Iheeariht 

Eight minutes and thirteen seconds. 

16SO How much time is required for a ray of Ught to traverse tht 
space viUervening between (he nearest fixed stars and the earth f 

More tiiSLU three years ,' and from the farthest nebulse 
hundreds of years will be required. 

1S21 What, therefore, wouXd he the consequence if one oj (he remMe 
fixed stars were Uhday " blotted Jrom the heavens f^ 

Several generations of the earth would pass away 
before the obliteration could be known to man. 

1622 In what manner do the moon and the planets give light t 

They shine only by means of the sun^s lights which 
is reflected from tneir surfaces. 

1623 Where does the Ught of houses, trees, andfidds cormfromt 

The light of the sun (or of some ailificial light) is re- 
fl^ected from their surfa/ies. 

1624 Why are some surfaces briOiant {Wee glass and sted) and others 
duU, Wee lead t 

Those surfaces which reflect the most light are the 
most brilliant ; and those which absorb light are duU, 

1626 Eow does the velocity of Ught compare with the speed of a loco- 
motive t 

Light passes from the sun to the earth in about eight 
minutes ; a locomotive engine, travelling at the rate 
of a mile in a minute, would require upwards of one 
hundred and eighty years to accomplish the same 
journey. 

1626 ffow does the Ught ofthefuU moon compare with (hat of the sunf 

It is estimated to be three hundred thousand times 
weaker than sunlight. 

1627 The vdocity of light is demonstrated by observations on the 
satelUtes of Jupiter. Will you explain how this can be proved t 
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Vatodtj of Ugbt determined (tdid otoemtlinii on JapiUr'e aaUllitw. 

Tlie earth revolves around the sun in an orbit of 
which the snn ie the centre, "We are able to calculate 
the exact time when an observer Btanding in the centre 
of the earth's orbit, — that is, in the sun, would see an 
eclipse of Jupiter's satellite ; but as the earth moves 
round the eun in its orbit, it is brought at one time 
ninety-fivo million of miles neai-er Jupiter than the sun 
is, and at another time it is carried ninety-five niilliona 
of mil^s further off. Now, when the earth is nearest 
to Jupiter, the eclipse takes place eight minutes iu 
advance of the calculated time, and when it is iiinoty- 
five millions of miles farther off, the eclipse occurs eight 
minutes later than the calculated time. Tliia delay is 
occasioned by the fact, that iu the one case the light 
coming from the satellite to the earth liaa fo traverse a 
mucji greater distance than in tlio other; and if tho 
light requires eight minutes, or 480 seconds, to move 
over 95,000,000 of miles, it will require one second to 
move over 197,000 miles, or, witjn mora exact data, 
192,000 miles in one second. 



The explanation above given will be made clear by reference to tho 
following diagram. Fig, 50. S representa tlie aun, a b lUe orbit of the 
earth, and J" T tho poeitioH of the eartli at different and opposite poinla 
of \\a orbit, ./reprcaeiila Jupiler, and E, its aulellite, about to be eclipsed 
by passing within the shadow of tlie planet Now tho time of the com- 
mencement or terminalion of an eclipse of the eatcllito, as stated trnm 
oabulation in tables, is the iiistant at wtiith the saleUile would appear to 
enter or emerge from the sliadow, if it could be seen by an observer from 
tlie sun, S. If the transmission of light were instantaneous, it ja obvious 
that the light coming from Jupiter's satellite, E, would be seen at tlie 
same moment at the pointa 7, Saxi^ T. But repeated (ibsL'rvalJon shows 



244 SCIENCE OF COMMON THINGS. 



How ft mtiltitQde of persons see the same object Shadows. 

that the eclipse takes place eight minutes earlier than the calculated 
period when the earth is in the nearest point of its orbit, as at 7^ and 
eight minutes later when she is in the opposite part of her orbit, as at 7", 
the diflerence in the distance of these two points from Jubiter being 
190,000,000, of miles. 

16S8 Why can a fhcmsand persons see Vie same object ai the sams 
Hmet 

Becanse it throws off from its surface an infinite 
number of rays in all directions ; and one person sees 
one portion of these rays, and another person another. 

1629 Why can %oe not see {he stars in ihe day-time t 

Because the light of the sun is so powerful that it 
eclipses the feeble light of the stars ; in consequence 
of which they are invisible by day. 

1B30 In what manner is light propagated f 

In rtffht lines from every luminous point, every such 
line being called a ray of light. 

1S31 WJuU do toe mean by a pencil of 
Ught^ 

A collection of radiating lines 
or rays, as seen m Fig. 51. 

ie33 WJiat is darkness? 

The absence of light. 

less What is a shadow t '^•"* 

A shadow is the name given to the comparative 
darkness of places or objects, which are prevented by 
intervening things from receiving the mrect rays of 
some luminous body shining on the objects around. 

16S4 Why cannot we see through a crooked tube as weU as through a 
straight one t 

Because light moves only in straight lines. 

1636 What is the philosophy of taking aim with a gun or arrow t 

In taking aim with a gim or arrow, we proceed upon 
the supposition that light moves in straight lineSj and 
try to make the projectile go to the desired object as 
nearly as possible by the path along which the light 
comes from, the object to the eye. 

16S6 Why does a carpenter look along ihe edge of a plank to see if it 
is straight f 
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Mirrors. Bcflectlon of light Inddeooe aod reflection. 

If the edge be straight and uniform, the light fi'om 
all points of the edge will come to the eye regularly 
and uniformly / if irregularities, however, exist, they 
will cause the light to be irregular^ and the eye at 
once notices the confusion and the point which occa- 
sions it. 

87 WhaX is a mirror t 

Any substance reflecting light. Tlie term is gene- 
rally applied to glass covered on the back with quick- 
silver. 

1638 WTien UghtfaUs upon a body, in what three ways may it dispose 
of itself t 

It may be reflected^ refracted^ or dhsorbed. 

1Q39 WhaJL do we mean when we speak of light being reflected f 

When a ray of light strikes against a surface, and is 
caused to turn hack or rebound m a direction different 
trom whence it proceeded, it is said to be rejlected. 

1640 Why do we see ourselves in a mirror f 

Because the rays of light from our face etrike against 
the glass, and (instead ot being transmitted) are reflect- 
ed, Or sent back ag^in to our eye. 

1S41 Why are the rays of light reflected by a mirror f 

Because they cannot pass through the impenetrable 
metal with which the back of the glass is covered ; so 
they rebound back, just as a marble would do if it were 
thrown against a wall 

16413 When a marble is rdlkd towards a wdUj what is the path 
through which it runs called t 

The line of incidence. 

1643 Wh^en a marble rebounds back again, what is the path it then 
describes caUedt 

The line of reflection. (See 
Jptg. 52.) 

If A B be the line of incidence, 
then B E is the line of reflection; 
and vice versd. 

1644 When the light of our face 
goes to (he glass, what is the path 

rough which it goes cdBed t 

U* 
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Lines of IneMeiMe and nlleetloiL Why inui^ vppwt inverted in water. 

The line of incidence, 

1B46 WJien (he light of our face is reflected hack tigain from the mir- 
ror, what is (his returning path caUedf 

The line of reflection. 

164B WhcU is (he angle of incidence t 

The angle between the line of incidence and ih^ per- 
pendicular. 

1647 Whaiis the angle of reflection f 

The angle between the line of reflection and the per- 
pendicular. {See Fig. 52.) 

Let F B (Fig. 63) be any surface; D B a perpendicular to it If a 
marble were thrown from E to B, and bounded back to A, then E B D 
would be the angle of incidence, and DBA the angle of reflection. 



Why does the image of any object in water always appear in- 
vertedf \ 

Because the angles of incidence being always eqoal 
to the angles of reflection, the light of tlie object, refect- 
ed to our eyes from the surface of the water, comes to 
us with the same direction as it would have done, had 
it proceeded directly from an inverted object in the 
water. 

lu Mg, 53, the light proceeding from the ar- 
row-head, A, strikes the water at F, and is re- 
flected to G and that from the barb, B, strikes 
the water at E, and is reflected toG. A spec- 
tator standing at G will see the reflected 
lines, E G and F G, as if they proceeded di- 
rectly from C and D. Now we always judge 
of the position of an object according to the 
direction in which the rays of light repre- 
senting it come to the eye, and for this 
reason the image of the arrow, A B, reflect- 
ed fiom the surface of water, appears to be 
located at CD. It is also plain that A (the more elevated object) will 
strike the water, and be projected from it more perpendicularly than the 
point B; and therefore the image will seem inverted. 




Jf we lay a looking-glass upon the floor, with its face uppermost^ 
and place a candle beside it, why wiU the image of the candle seen in the 
mirror by a person standing opposite to the candle, seem as much below the 
surface of the glass as the candle itself stands above the glass t 

Because the incident ray coming fmm the top of the 
candle, strikes the surface of the glass, and is reflected 
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Why tha Inu«a is m mbmr (wnis behind the gimt. 

in the same direction that a ray of light would hare 
■taken, had it really come from a candle eituated as 
much below the surface of the glass, as tiie first candle 
was above the surface. Tliis feet will be clearly shown 
by referring to Mff. 54. 




leco Why, wh^n ice look fnto a plane mtmtr {IJie t 
glass) does our image ajmear to be at tiu same dialance behind the « 
o/ oie glitse, at we are before On tarjace t 

Because the lines and angles of incidence being 
always equal to the lines ana angles of reflection, the 
rays which proceed from each point of our body 
before the mirror will, after reflection, proceed as if 
they came from a point holding a corresponding posi- 
tion behind the mirror ; — and therei'ore produce the 
same effect iipon the eye of an obsei'ver as if they 
actually had come from 
that point. 

For this reaaon our reflee- 

proach ub m wo walk towards 
it, and to retire frooi ua as we 

The whole subject of the re- 
flection of imagtrs being gcno- 
nJly of difficult comprehen- 
■ioD by most persons, f^g, £>5 
ia introduced an a means of 
[tiTther explanation. 

Let A Ix a port of an 
object placed before a looking- 
glass M N. I^t A B and A C 
be two rays diverging from it, 
and refl3cted from B and C to 
■n eye at 0. Alter relioition 1^. k. 
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Peeollaritles of reflected llgbt 



thej win proceed as if they had issued from a point a as far behind 
the surface of the looking-glass, as A is before it — tliat is to say, the dis- 
tance A N will be equal to tlie distance a N. In seeing an object with 
the eye, we flx upon its position according to the direction in which the 
rays of light coming from it proceed, and do not take into account the 
fact that tlio rays have been reflected from their original course. 

Is the same quantity of light reflected ai aU angles^ or inclina- 



tions f 

It IB not : when the angle or inclination with which a 
ray of light strikes upon a reflecting surface is great, 
the amount of light reflected to the eye will be con- 
siderable ; when the angle, or inclination is small, the 
amount of light reflecteu will be diminished 

166S Why does a spectator^ standing upon the hank of a river ^ see the 
images of the opposite bank, and objects upon U reflected in the water^ hut 
not the images of any near object f 

Because the rays of light coming from distant objects 
strike the surface of the water very obliquely, and the 
liglit reflected is sufficient to make a sensible impres- 
sion upon the eye, while the light proceeding from 
near objects strikes the water with little obliquity, and 
the light reflected is not sufficient to make a sensible 
impression upon the eye. 

This fact may be clearly seen by reference to Mg. 56. 




Let S be the position of the spectator; O and B the position of distant 
objects. The rays R and B R which proceed from them, strike the 
surface of the water very obliquely, and the light which is reflected in 
the direction R S is sufficient to make a sensible impression upon the 
eye. 

But in regard to objects such as A placed near the spectator, they are 
not seen reflected, because the rays A R' which proceed from them strike 
the water with but httle obliquity ; and consequently, the part of their 
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wily windows blaase at raoset 



light which is reflected in the direction R' S, towards the spectator} is not 
sufficient to produce a sensible impression upon the eye. 

1G63 Why do windows seem to blaze at sunrise and sunset t 

Because glass is a good reflector of lights and the 
rays of the sun (striking against the window-glass) are 
reflected^ or thrown back. 

1G54 On a 'uihe of water the moon seems to make a path of lighi 
ievxirds the eye of the spectator j while all the rest of the lake seems dark : 
why is this f 

The reason of this appearance is that every little 
wave, in an extent perhaps of miles, has some part of 
its rounded surface with the direction or obliquity 
which, accoixiing to the required relation of the angles 
of incidence ana reflection, fits it to reflect the light to 
the eye, and hence every wave in that extent sends its 
monientaiy gleam, which is succeeded by others. 

less fn a sheet of water at noon, the sun appears to shine upon only 
one spot, and all the rest of the water seems dark : why is this t 

Because the rays fall 
at various degrees of 
obliquity on the water, 
and are reflected at 
similar angUs ; but as 
only those which meet 
the eye of the spectator 
are visible, all the water 
will appear dark ex- 
cept that one spot 

Here, of the rays S A, S B, 
and S C, ohly the ray S 
meets the eye of the specta- 
tor D. The spot C, therefore, 
will appear luminous to tlie 
spectator D, but no other spot of the water ABO. 

1.65G Why can we not see into the street or road when candte$ ar$ 
lighted? 

1. Because glass is a reflector, and throws the candle- 
light back i/rdo the room again ; and 

2. The pupil of the eye (having become contracted 
by the light of the room) is too small to collect rays 




Fig. 67 
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Wben m shadowR kuge, and when small t 



eiioagh from the dark street to enable us to see 
into it 

leeT Why do we often see the fire reflected in our windows in winler- 
Umef 

Because glass is a good reflector, and the rays of the 
fire (striking against the window-glass) are reflected 
back into the room again. 

Jff the shadow of an objeUbe thrown on a waUy ihe doser the object 

I is held to the candle^ the larger 
will be its shadow : why is this? 
Becanse the rays of 
light diverge (from the 
flame of a candle) in 
iiV straight lines, like lines 
T drawn from tlie centre 
j of a circle. 

^ "^ --j^ Here the arrow A, held close 

I to the candle, will cast the 
shadow B F on a wall ; while 
jf the same arrow, held at G^ 
i. would cast onlj the little sha- 
dow D K 







Fig. 58. 
Bow do we judge of (he position^ distance^ and size of an olject t 

We judge of the position and distance and size of an 
object by the relative direction of lines drawn from the 
object to the eye, and by the angle which the intersec- 
tion of these lines makes with the eye. This angle is 



called tlie angle of vision. 







Fiff. 69. 



The student will bear in mind that an angle is simply the im^linatiou 
of two lines without any regard to their length. Thus, in Fig. 69, the 
inclination of the lines, caused by rays of light proceeding from A and B^ 
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Hov we estimate the bIm and poaitioii of distant otijects. 

and from C and D^ and meeting at the eye, forms an angle at the point 
of intersection, which is the eye. This angle is the angle of vision. As 
the inclination of the ines proceeding'from A and R, and from C and />, 
is the same, the angles will be equal, and the man and the bird will ap- 
pear of the same size. 

1660 Why does a man on {he top of a mourUam or churchrspwe seem 
tbheno larger than a crow f 

Because the angle made in our eye by* the perpeiv- 
dicvla/r height of the mem at that distance is no lai'ger 
than that made by a crow close hy. 

Let A B (Fig, 59) be a man on a <£stant mountain or spire, and (7 2) a 
crow dose by, the roan will appear only as high as the line C 2>, which 
is the height of the crow. For the same reason the trees and houses far 
down a street or avenue appear smaller than those near by. 

IGGl Why does (he moon appear to us so much larger than (he stars^ 
(hougfif in/act^ His a greai deal smcdler f 

Because the moon is very much nearer to vs than any 
of the stai's. 








*^ 



D 



Fig. 60. 

Let A B represent a fixed star, and C D the moon. The angle of 
vision, A G Bj which the fixed star, A B^ makes with the eye is evidently 
less than the an^le of vision, G G D^ which the moon makes with the eye. 
But we judge ofthe size of a body by the size of the angle, and therefore 
the moon, which is nearest and makes the greatest angle of vision, ap- 
pears the largest A B, though much the larger body, will appear no 
bigger than E F; whereas the moon {G D) will appear as large as the 
line, C />, to the spectator, G. 

The moon is 240,000 miles from the earth, not quite a quarter of a 
miUion of miles. The nearest fixed stars are 20,000,000,000,000 (that is^ 
twenty billions). 

1662 Why does (he moon (which is a sphere) appear to be a fiaJl sur- 
face f 

Because it is so far off that we cannot distinguish any 
difference between the length of the rays issuing from 
the edge and those which issue from the centre. 
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Wbj ottjeets in the shade seem dark. Telescopea. 

The rays A D and C D 

appear. to be no longer 

than the ray B I>; but if 

all the rays seem of the 

PI 01 same length, the part B 

will not seem to be nearer 
to us than A and C; and therefore ABO will look like a fiat or straight 
• line. The rays .1 B and C B aiQ 340,000 miles long. Th^ raj ^ i) is 
238,910 miles long. 

1B63 An object in the shade is not so brigJU and apparent as d» dtfjed 
in (he sun : why is it not f 

Because objects in the shade are seen by reflected 
light reflecteel ; that is, the light is twice reflected ; 
and, as the rays otMiglit are always absorbed in son^ 
measure by every substance on which they fall, and 
also scattered by irregular reflections, therefore in the 
two reflections much light is lost, and the object is seen 
with less distinctness. 

Part of the rays are absorbed, and part are scattered in all directions 
by irrcpular reflections ; so that rarely more than hcUf are reflected, even 
from tlie most polished metals. 

1G64 Why is it light when the sky is covered with thick clouds f 

Partially because the sun's light is transmitted 
through the clouds, and partially on account of the 
multiplied reflections of light in the atmosphere. 

1665 What is the use of telescopes f ^ 

Tliey gather together the rays of light, and a greater 
number are thus brought to the eye. 

X66B ffow can these rays be gathered together f 

Rays of light diverge — that is, spread out in all direc- 
tions — from a luminous object. The number of these 
diverging rays which will enter the eye is limited by 
the size of the pupil. But before they reach the eye, 
they may be received upon a glass lens of a convex 
form, which will have the effect of collecting them into 
a space less in magnitude than the pupil of the eye. If 
the eye be placed wliere the rays are thus collected, all 
the light will enter the pupil. 

The light wliich produces vision, as will be more ftilly explained here- 
after, enters the eye through a circular opening called the pupil, which is 
the black circular spot surrounded by a colored ring, appearing in the 
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rK.n. 

centra of the front of the eyo. Nc™-, :::: the rajm of light proceeding from 
an object diverge, or spread out, tbo number which wUI enter the eye will 
be limited by Iho size of tlie pupil. At a great distance from an object, 
es will bo seen in Fig. 62, few rays will eolcr the eye; but it as in /iy- 
63, we place before tlie eye a piece o( glass, colled a lens, so constructed 
as to collect all tlie divei^ing rays togeUier, the ligbt will be concentrated 
at one point, and in sufficient quantity to enable ua t« see dlBtinctly. 

1867 Why do kkscopee enable usloaee olgecia iavisiMe to the naked . 
eyef 

Because they gather together more luminous rays 
from obscure objects than the eye can, and form a bright 
image of them in the tube of the telescope, where ^y 
means of lenses tliey are magnified. 

1,S68 When a skip (&al at sea) is approaehing the ihmv, why do vie 
tee the tmaU masts be/ore me see the bvlky h-uU 1 

BecauBe the earth is round; and the curve of the sea 
hides the hvU from our eyes afler the tall maets have 
become visible. 



Here only that part of the ship above the line A C can be hbcd by the 
spectator. A; the rest of the ship is hidden by the swell of the curve-D E. 

The diminution of tlic si!ie eP a aliip seen at sea, owing to the convexity 
irf the earOi and the distance of the observer, is also illustrated m i\g. 65 

leeS What is meant by the rtfracUon oflighlt 

Light traverses a given transparent substance, such as 
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air, water, or glaas, in a straigbt line, provided no 
reflection occure aiid there is no change of. density in 
Uie composition of the medium ; but when light paeees 
from one medium into another, or from one part of the 
game medium into another part of a diferent dermty, 
it is hent from a strwght line, or refracted. 

I In Fig. G6, auppoae n m to reprpspnt the snr- 
&ce of watEr, and g h ra; of light Etrikin^ 
upon its aurface. When this ray S O entera 
tlic wuter, it will no longer piirt<uc a straight 
coiiree, but will be refVacted, or bent tow^ds 
tlie perpend iculsr line, A B, as in tliecose of S O 
H. The denser the water, or other Huid, maj 
be, the more tiie ray S O H wiU be refracted, or 



ris.«t- 



turned towards A B. 



i07O Doet air pomss liu property of refrfuimg Ught I 
Yes; the more dense the air, the greater is itere/rao- 
tvoe power. 

1371 WhydotaOiepartofastiikimmatediHOtevxaarafppearUnt 
orbrokeat 

The water and the air being of difierent densities, 
the rays of light proceeding from the part of tlie stick 
contained in llie water are rrfracUd, or cansed to deviaie 
from a at/raight line ae they pass from the water into 

I- the air; consequently that portion of the 
stick immereea in the water will appear 
to be lifted up, or to be hent in such a 
manner as to form an angle with the part 
out of the water. 
Tlie bent appearance of tlie stick in water is repre- 
sented in Fig. 87. For the same reason, a "- - 
glass of water, or en oar ptutiatly at 
tim- <fl- always appesis beut 
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Kran deapar Iban tb«r ^ipair to b*. Compmiiid utora ofwhlu Ugbt. 

1S73 Whj/ doet a river aJuiayi appear more i^uilbna Oum il rtaSy U t 

BecanBe the light proceeding from the bottom of the 
river is refract^ as it emerges out of the water, and 
eauBee the bottom to appear elevated. 

1S73 Bba> mtteh dewier is a river than il aeemt to bet 

About (me-third. If, therefore, a river eeenw only 
fonr feet deep, it ia really six feet deep. 

Hanjr pemoni gpt out of their depth b bathing in coasequence of this 
deception. 

The tbUowiug eimple experi- 
ment iUuatmteB the effect of re- 
fraction: — Place a rilver coin, 
tn, at the boltma of a baain, fig. 
68. The rays, i i, proceeding to 
the eye linm the ^rer surbcc, , 
tender the coin visible. The { 
point a, the e;e, 'm then moved 
Gutlier back, so that the edge of 
the basin obstructs the direct 
raya, and of course the cchii is 
no longer seen. If an attendant t i^. i^ 

carefully pours water into the 

basin, so that the object is not moved, it will presenUy, as tbe water rises 
in the baain, beconite ag^n viable. This arisee ftom the r^fraclipn <^ Ote 
raya by the water, tbe image, indeed, appearii^ at n instead of at m. 

IS"?"* Is a ray ofwhiie Kghl timpk or compotindt 

Every ray of white light ia compownded of other raya 
oi colored Ught. 
* 3.07S lido lloa many parb may a Toy of lighilie divided 1 

Into three parts : W««, yeUow, and red. 

These Uiree colors, by combination, make seven : 1, red ; 3, orange (or 
red and yellow); 3, ydloui; 4, green (or yellow and blue); 6, bine; S, fn- 
(tt^ (ashadeirf'bliie); and, T, viofef (or blue.aad rod). 

1676 How if U knoum that a ray cf UqM contitt) of aeoetai different 

Became if a ray of light be cast tipon a triangular 

Siece of glass (called a prism), it will be digtinctlv 
ivided into seven colors: 1, red; 2, orange: 3, yel- 
low ; 4, green ; 5, bine ; 6, indigo ; and, 7, violet. 
1977 Why does a prwm divide a ray of light into varioia txlon t 
Because all these colors are refracted, or bent out of 
their course differently. Red is refracted lea«t, and 
blue the Tnoat ; therefore, tlie hl/ae ray will be bent to 
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the top of the priem, and the red will remain at the 
bottom. 

violet 

IndigdL 



This separation of ft ray of snlar lig^it into diflbreiit colofs, by refraction, 
U represented in F^g. 69. A ray oT Itf^ht, S A, is admitted throng an 
aperture in a window-shutter into a darlccned chamtier, and caused to fall 
on a prism, P. The ray thus enticing would, if allowed to pass unob- 
Btructedly, have morod in a Btra^^t line to the point E, un tiie floor of 
the room ; hut iho prism being so placed that the ray may enter and quit 
it at equal angles, it will be refracted in sucli a manner as to form on the 
opposite aide of the room an oblong image cailed the solar apectrum, 
divided horizontally into seven colored spaces or bands of unequal extent, 
succeeding each other in L!ie oTAot represented; Ttd, orange, yellow, ffreen, 
blue, indigo, vioteL 

1S7S Are the colored rays, once ttparaiBd and refratted from lAs 
primi, capaMe of being analyzed by refraction again t 

They arc not, and aro hence designated as primary 
colors. 

167B Tf the seven AiffreiiX odors ta s^iara^ In/ Oie prism ie again 
a^lected together, tehai viiil they formf 

White light. 

1880 lb vilu^ is the great briJlkmcy of ike diamond and other precious 
stones duet 

To their power of refracting light ; they are also 

artificially cut in snch a manner as to form a sei-ies of 

prisma, wiuch separate tlie rajs of light falling ou 

tiiein into their component colored rays. 

leai Whalisaraiiibouit 

The rainbow is a semicircular hand or arc, composed 
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ProdmstloD ud aipluutlon of th« nlDbow. 

of tlie different colore, generally exhibited upon the 
clouds during the occurrence of rain in snnEhine. 

If we tnke a gInsH globe filled with water, and suspend it at a certain 
height in tlie solnr raja above the eye, a Bpeolator standing with his back 
to the flUQ will see tlie refraotion and reflection of red light ; if, then, the 
globe be lowered slowly, tlie observer retaining his position, Uie red light 
will be replaced by orange, and this in its turn by yellow, and bo on, the 
globe at different iicighla presenting to the eye the seven primitive colors 
la succession. If now, in the place of tlie globe occupying difTcrent posi- 
tiona, we substitute drops of water, wo Lave a ready oiplanation of the 
phenomena of tlie rainbow. 



Let J, S; and £? be three drops of rain ; S A, SB, ana S C, three rays 
of the sun. 3 AiB divided into three colors ; the blue and yellow are 
bent above the eye, D, and the red enters it. 

The ray, S B, ia divided into three colors ; the blue is bent alove the 
(lye, and the red falls betoto the eye, B, but the yeUow enters it. 

The ray, S C, is also divided into the three colors. The blue (which ia 
bent most) enters the eye; and the other two fall below iL Thus the 
eye aeee the blue of C, and of all drops in tho position of (7; the yellow 
cj* B, and of all drops in the position of B ; and the red of A, and of all 
drops in the position of A ; and thus it sees a rainbow. 

lesa What is an occasion of Hie rainbow t 

Tlie rainbow is prediiced by the refraction ana r&- 
jlectitm of the solar rays in the drops i^i falling rain. 

1683 What are Oie conditions necesaary in order thai we may see a 
ratn5i>uif 

The rainbow can be seen only when it rains, aiid in 
that point of tlie heavens which is ojyposite to the sun. 
It IB necessary also that the enn shonid not have too 
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No two peftons see the ime nlnbow. Formetloa of two ndnbows at the same time 

■■■■■■■■ III II I . 11 ■ J - ■■■■■■■■■ ^^^^^ _ ^ 

great an aUitvde above the horizon. Hence, within a 
certain interval each day, no visible rainbows can be 
formed, on account of the sun's high altitude above the 
horizon. 



How do we know that the rainbow resuUsfrom (ke decomposition 
of the solar rays by drops of waimr f 

Because in the case of cascades and water-fcMs^ the 
spray and the drops of moisture dispei-sed over the 
igrass and the spiders -webs produce the samephenomenoH. 

1686 Does every person see (he same colors from the same drops f 

Ho ; no two persons see the same rainbow. 

To another spectator, the rays from S B (Fig. 70) might be red instead 
of yellowr; the ray tcom 8 (7, yellow; and the blue might be reflected 
from some drop below C To a Ihird person, the red may issue from a 
drop above A, and then A would reflect the yellow, and B the blue, and 
BO on. 

1686 Why are there often two rainbotos ai one and the same time f 

The first, or primary how^ is formed by two refrac- 
turns of the solar ray, and one reflections^ the rays of the 
sun entering the drops at the top, and being reflected 
to the eye from the lottom. 

Thus in Fig. 71, the rAy S A of the 
primary rainbow strikes the drop at A, 
is refracted or bent to B, the back part 
of the inner surface of the drop ; it is 
then refracted to G, the lower part of 
the drop, when it is refracted again, 
and so bent as to oome directly to the 
eye of the spectator^ 

The secondary, or outer bow, is pro- 
duced, on the contrary, by two refrac- 
tions and two reflections, the ray of 
light entering the drops from the bot- 
tom, and being reflected to the eye 
from the top. 

Tlius in Fig. 72, the ray S B of the 
secondary bow strikes the bottom of 
tlie drop at B, is refracted to A, is then 
reflected to C, is again reflected to D, 
when it is again refracted or bent, till 
it reaches the eye of the spectator. 

1687 Why are the colors of the 
second bow all reversed f 

rig. 72. Because iu otie bow we see 




Us. 71. 
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the rajB which enter at the t<fp of the rain-drope, 
refracted Jroni the bottom : 

But in the oiJwr how we see the rajs which enter at 
the loUom of the rain-drops (atW two reflections) 
r^radedfrom the top. 

The poMticm and formatioD of tho primary and secondary rainbowB are 
represBnted in Fig. Ti. Thus in tlie formaiion of the primary )iow, the 
r^ of light S Btrikos tho drop » at n, ia rcfracled to » 6, thenre lo g, and 
leaving the drop at this point, proceeds to the eyes of the apectator at 0. 
In the framation of tho secondary bow, the ray S' strikes the drop p at the 
bottom at the point i, is refracted to rf, thonco to/ and again lo t, pro- 
ceeding from the lop of the drop, also to the eye of the spectator at O. 

The reason why tho primary bow exhibits the stronger colors is, be- 
cause the colors are seen after out reflection and two reinictions ; but tlie 
colors <^ tl»e secondary (or upper) rtunbow undergo too reflections and 
too re&actkiUB. 



188S Why doea a »oap 5uUIe exkibU tvcK a variety (f a^e t 
because the thickness of the filvn, through which the 
rays pass is constantly Tarying, 

1S89 Why u a snap ttiUMe to constanSy changing its Biickaxss t 
■ Because the water runs dovm fr&m, the top to tJie 
bottom of the bubble, till the crown becomes so thin as 
to burst. 

3 S©0 Wliol is tte cause of ■morning and evening twilight T 
"When the sun is below the horizon, the rays which 
strike upon the atmosphere or clouds arc fen^ down 
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LenMB and their TariotiM. What is a focoa of light P 

towards the ea/rth^ and produce a little light called twi- 
light. 

X6Q1 Whaiisalensf 

A piece of glass or other transparent substance^ 
bounded on both sides by polished spherical surfaces, 
or on the one side by a spherical, and on the other by a 
plane surface. Kays of light passing through it are 
made to change their direction, and to magnify or 
diminish the appearance of objects at a certain distance. 

X60S How many varieties of lenses are generally recognised f 

Two : convex and concave. 








Flic. 74. 

Among convex lenses are the double convex A {Fig. 74) to which the 
appellation lens was originally applied from its resemblance to a lentil- 
seed (lens in Latin) being bounded by two convex spherical surfaces 
whose centrea are on opposite sides of the lens ; the plano-convex B, 
having one side bounded by a plane surface, and the other by a convex 
surface ; and the meniscus or concavo-convex C, bounded on one side by 
a concave, and on the other by a convex surface. 

There are also three principal varieties of concave glasses; as the 
double concave D, bounded by two concave surfaces, forming portions of 
spheres whose centres are oh opposite sides of the lens; the plano- 
concave E, bounded on one side by a plane, and on the other by a 
concave surface ; and convexo-concave P, bounded by a convex surface 
on one side, and by a concave one on the other. 

1603 What is a focus of light f 

When rays of light contiimaWj a^)proach each. other, 
as in moving to a point, they are said to converge, and 
the point at which the converging rays meet is called 
the joaus, 

1.604 What sort of a lens is a common bum- 
ing-glass f 

A double convex lens. 

Fig. 75 represents the action of a double con- 
vex lens in causing the rays of light to ccuverge 
and meet at a focus. 

Fig, 75. 1©0S What are transparent bodies f 
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Opaqiie and transparent bodies. Al>Borptlon of li^t 

- - ' ' 

Those which do not interrupt the passage of light, 
or which admit of other bodies being seen through 
them. 

X690 When is a body said to he opaque t 

When it entirely ^et^^W/^^ the passage of light. 

IS© 7 Js there any body perfectly transparent f 

No ; some light is evidently lost in passing even 
through space, and still more in traversing our atmo- 
sphere. 

160S Bow much of the sun^s light is supposed to he intercepted hy the 
aimospJiere t 

It has been calculated that the atmosphere, when the 
rays of the sun pass perpendicularly through it, inter- 
cepts from one-fifth to one-fourth of their light; but 
when the sun is near the horizon, and the mass of air 
through which the solar rays pass is consequently 
vastly increased in thickness, only one two hundred and 
twelfth part of their light can reach the surface of the 
earth. 

1600 Why is charcoal hlack t 

Because it absoris all the light which falls upon it, 
and reflects none. 

1700 Whai becomes of (he light which is absorbed f 

This question cannot be satisfactorily answered. In 
all probability it is permanently retained within the 
substance of the absorbing body. 

1701 Jb what depth is light supposed to penetrate (he ocean f 

It is calculated that sea water loses all its transpa- 
rency at the depth of seven hundred and thirty feet ; 
but a dim twilight must prevail much deeper in the 
ocean. 

12 
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CHAPTEK II. 

BTBUCrlTBE OF THE EYE AMD THE FHENOUENA OF TTSIOH. 

1703 Whatittlieflrucbiree/OiehTBnimeyef 
In man the oi-giin of vision consiets of two hollow 
epheres, each about an inch in diameter, filled with 
certain transparent liquids, and depoBited in cavitieB of 
Bnitable magnitude and form in the upper part of the 
front of the head on each side the nose, 

IVOS JIoaitUtAatwtaTeenablfdtomBveOieej/eiiivariotiedirKtioiut 

Bj means of moBcles attached to different points of 
its enrface. 



WiK It- 

Thnw are BhowD in F^g. 76, where tho external bonea of the tem^ 
•re supposed to be removed in order to render visible the museuW 
artBngemeots. The muscle, 1, rsiaes the eye-lid, and ia eonatantly in 
■cUon whUe we are awake. Durini; sleep, the muscle being in repose 
and relaxed, the eje*lid (alia and protects tho ejo from the action of light. 
The muscle, 4, turns the eye upwards ; 5, downwards; 6, outwards; and 
a eorreaponding one on Iho inaide, not seen in the figure, turns it inwaj^la 
No. 3 and 10 tuni tiio eye round its axis. Ko. 11 is ilie great optir 
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Itetlna. Iris. PupiL Coraea. 

nerve, which conveys the sensation to the brain. If this nerve were cut, 
notwithstanding the eye might be in other respects perfect, the sense of 
sight would be destroyed. 

1704 Of what parts does the eye consist f 

The eye is of globular form, and is composed of three 
coats or membranes, called the sclerotic^ the choroid^ 
and the retina j and three humors, denominated the 
aqueousy the crystalline^ and the vitreous. 

1705 What is meant by Uie " retina of (he eye f " 

The network which lines the hack of the eye is called 
the retina ; it is composed of an expansion of the optic 
nerve. 

1700 What is thai portion of the -eye called which in some persons is 
blue, in others gray or hazd t 

It is called the iris. 

V70*7 In the centre of (he iris is a circular black opening : what is (his 
called t 

It is called the jmpil. But this spot is not a black 
substance, but an aperture, which appears black only 
because the chamber within it is dark. It is properly 
speaking the window of the eye, through which light 
is admitted, which strikes on the retina. 

I7O8 Does lighi admitted through the pupil to the retina produce vision t 

Yes, provided the light enter in sufficient quantity. 

170Q Ebw by (he arrangcTnent of the several parts of the eye are we 
enabled to see? 

The rays of light falling upon the cornea, enter the 
interior of the eye throu^ tne pupil, and by the ioint 
action of the cornea and crystalhne lens are brougiit fo 
a focus at the back part of the eye, upon the retina. 
Here an image is formed, and the impression it makes 
is conveyed along the optic nerve to the brain. 

' 1710 WTiai is meant by the " comm of the eye f '* 

Air the outside of the visible part of the eyeball. 

Fig, 77 represents the interior construction of the eye. It is composed, 
in the first place, of the cornea, a, a transparent membrane in front of the 
globe of the eye. Next is the sclerotic coat, e, which joins on the cornea, 
and upon which the external form of the eye depends. The cornea is 
united to, or fixed in, the sclerotic coat, like the glass into the case of a 
waich : d, c represents the iris, with an opening in it, forming the pupiL 
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Next in order is the aqueous humor, b. e, in the middle of which is the 
irix, d, c Behind tlie pupil we have the ciysUUine Icna, / and then the 
vitreouB humor. A, filling all the interior d the ball of the eye. m indi- 
cates the retina, which ia an expansion oT tlie c^ic tierve, n. kia the 
clioroid coat, a membrane interposed between the retina and the sclerotic 
coat ; it terminates in form in a series of folds or filaments, g, c»Ued the 
ciliary ligammt or processes. 

ITTLl Why are tome persona marsighb^t 

Because the curvature of the cornea and the crystal- 
line lens is too great, and the rays of light which form 
the image are Brought to a focus before they reach the 
retina or the back part of the eye. The object, tliere- 
fore, is not diBtinctly seen. 

f^. 78 represents the manner 
in which the image is fiirmcd 
npoQ the retina In the perfect eye. 
The curvature of the coniea, s », 
and of tlie cijstaJline lens, cc, is 
Just sufficient to cause the rays 
of light proceeding from the iui' 
age, e e, to converge (o the right 
locus, m, upon tlie retina. 

i^. 78 represents the man- 
ner in which the image is formed 
in the eye of a, near-siRhted per- 
son. The curvature of the cor- 
nea, s 9, and of the crystailina 
lens, cr^ is 80 great th^ the im- 
(^ ia formed at m m in advaDM 
of the retina. 
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Explanation of fltr-slghtedness. 



1713 What sort of glasses do near-sighted persons wear f 

If the cornea and crystalline lens be too convex (or 
projecting), the person must wear double concave glasses 
to counteract it. 

1713 Whai is meant by " dovhle concave glasses f" 

Glasses hoUowed-in on both sides. 

1 714 Why are old people far-sighted f 

I Because the humors of their eyes are dried v{p h/ age / 
in consequence of which the cornea sinks in, or becomes 
flattened. 

1715 Why does the JiaMening of the cornea prevent persons seeing 
objects which are near t ^ 

Because the cornea is too Jlat, and the image of ob- 
jects is not comj}letely formed when their rays reach the 
retina / in consequence of which the image is imper- 
fect and confused. 

J^g. 80 represents the man- 
ner in which the image is 
formed in the eye, when the 
cornea or crystalline lens is 
flattened. The perfect image 
would be produced at m m^ 
behind tlie retina, and, of 

course, beyond the point ne- Kg. 80. 

cessary to secure perfect vision. 

171Q What sort of spectade-glasses are suitable for old people t 

Double-convexfflasses, or those which curve outwards 
on both sides. These shorten the focus of the eye, and 
produce an image upon the right point, the retina. 

1717 Why do near-sighted persons bring objects dose to the eye in order 
io see them t 

Because the distance between the front and ha^rojf 
the eye is so great, that the image of distant objects is 
formed in frmvt of the retina; but when objects are 
brought near to the eye, their image is thrown farther 
hack, 9,nd made to fall on the retina. 

1718 Why do old people' hold objects far off in ord/ir io see them better t 

Because the distance between the front and back of 
their eyes is not great enough ; when, however, objects 
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are held farther off, it compensates for this defect, and 
a perfect image is formed on the retina. 

Birds of prey are enabled to adjust their eyes so as to see objects at a 
great distance, and again those whicii^are veiy near. The first is accom- 
plished by means of a muscle in the eye, which enables them to flatten 
the cornea by drawing back the crystalline lens ; and to enable them to 
perceive distinctly very near objects, their eyes are furnished with a 
flexible bony rim, by which the cornea is tlm)wn forward at will| and the 
eye thus rendered near-sighted- 

1719 Why do persons who are shorlrsighted in yottthj gradually have 
this failing corrected as they grow old? 

They are short-sighted because the cornea of the eye 
is too globular / but as age advances, the fluids are not 
secreted as before, the eye becomes flattened^ and 
natural sight is again restored. 

ITSO Whai is (he use of (he eyebrows t 

The eyebrows defend the eyes from too strong a light, 
and serve to turn away substances which jnight other- 
wise fall into the eye. 

1731 Whai is the use of the eyelashes t 

The eyelashes guard the eye from danger^ and pro- 
tect it from dust or insects floating or flying in tlie atmo- 
sphere. 

17323 Why is {he eye pained by a sudden light t 

Because the nerve of the eye is burdened with rays 
before the pupil has had time to contract. 

1733 What is (he pupa of the eye f 

Tlje circular black opening in front of the eye. 

1734 Why does it give us pain if a bright light is broughi suddenly 
towards us ai night-time f 

Because the pupil of the eye dilates very much in 
the dark in order to admit more rays. 

When therefore a light is brought suddenly before us, the enlarged 
pupils overload the optic nerves with rays, which causes pain. 

1736 Why can we bear the light after a few moments f 

Because the pupils contract again almost instantly, 
And adjust themselves to the quantity of light which 
falls upon them. 

173© Why can we Sfie notJiing when we leave a weU-Ughted room^ and 
go into tfie darker road or street f 
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Vision in the light and in darkness. Cat»— how see in the dark. 

Because the pupil (which contracted in the bright 
room) does not dilate instantaneously ; and the con- 
tracted pupil is not able to collect rays enough from the 
darker road or street to enable us to see objects before us- 

1727 How does ligJU cause the pupU of the eye to cpniraci t 

The pupil of the eje is a round hole in the midst of 
a movable muscular curtain or screen, called the iris. 
When too much light falls on the nervous retina at the 
back of the eye, it irritates it; and this irritation is 
conveyed to the muscular rings composing the curtain 
by small nervous fibres, causing them to contract 

17S8 Why do toe see beUer when we get used to (he dark f 

Because tlie pupil dilates again, and allows more rays 
to pass through its aperture : in consequence of which 
we see more distinctly. 

17S0 If we look at the sun for a few moTnentSj why do aU other things 
appear dark f 

Because the nerve of the eye, by looking at the sun, 
is so affected by the intensity of the light that it requires 
a few moments to recover its former sensibility. 

1730 Why can we see the proper colors of every object again after a 
few minutes f 

Because the eye again recovers its sensibility, and 
accommodates itself to the light around. 

1731 Why can tigers^ cais, and owls see in the darkt 

Because they have the power of enlaraing the pvmL 
of their eyes so as to collect the scattered rays of light ; 
in consequence of which they can see distinctly when it 
is not light enough for us to see anything at jul. 

173i3 Why is it that when we press sUghOy upon (he baU ofeHhereye^ 
whUe viewing an object^ we see double f | 

Because i\\Q pressure oi\\\Q finger prevents the ball 
of one eye from following the motion of the other, and 
the axis of vision in each eye being different, we see 
two images. 

1733 Do persons who squint see double f 

Tliey do ; but practice gives them power of attending 
to the sensation of only one eye at a time. 
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1734 Wkai is the cause of strabismus^ or squinting t 

The inability of one eye to follow the motions of the 
other ; this may arise from habit, impertect power in 
one eve, or some defect in the muscular movements. 

^ 173CS Why, when the eye is vioUnUy struck or pressed upon, do we seem 
1o see light f 

Because the j^resaure conmiunicated to the optic 
nerve causes a violent and momentary sensation of 
light. 

173G WTien we say we see an object, wTiat do we in fact do t 

The mind is only taking cognizance of the jncture or 
impression made on the retina. 

1737 Jf the mind, in seeing an dijeci, sees in reality only a picture 
painted on the hack of the retina^ how is it enabled to judge of magnitvdes, 
distances, etc.^' the picture being on a comparatively flai surface f 

It is only by experience, " I see men as trees walk- 
ing," said tne man bom blind, when restored to sight. 

1735 Would a person whose eyes, although perfect, had been covered up 
from infancy to maturity, he able to see f that is, comprehend any scene or 
prospect on which he first opened his eyes? 

He would see the objectSj but could no mxyre under- 
stand them than a child underetands the printed page 
on which it looks, although every word is clear and 
distinct. , 

1739 'Bo we see the same Unes and surfaces of an object dUke with each 
eye? 

We do not / 

We may convince ourselves that we do not, by placing two oandles, for 
example, in such a position, that when they are looked at with the right eye, 
one is made to cover the other ; if now we close the right eye and look at 
them with the left, the most remote candle will be no longer screened by 
the front one, but will be seen about an inch to the left of it 

174:0 Why cannot we count the posts of a fence when toft are riding 
rapidly in a railroad car t 

Eveiy impression, according to the intensity of its 
effects, remains for a certain length of time on the 
retina, and a measurable period is necessary to produce 
the impression. The lignt from each post falls upon 
the eye in such rapid succession, that the different 
images become confused and blended, and we do not 
obtain a distinct vision of the particular parts. 
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Why the son and moon seem larger on the horizon than overhead. 

1741- Why do the sun and moon seem larger at their rising and setting 
than at any other time t 

The appearance is an illusion, in consequence of ter- 
restrial objects being placed in close comparison with 
them at one time, and not at the other. 

174:S Is this illusion an optical one, or a mental illusion t 

A mental one, since the organs of vision do not pre- 
sent to us a larger ima^e of the moon or sun in the 
horizon than in me zenitn. 

1743 WJuxt do we mean by (he horizon t 

The circle or line where the earth and sky appear to 
meet. 

"VT^A What do we mean by the zenith t 

The point or part of the heavens immediately over- 
head, 

174S Is the moon nearer or farther from us when upon the horizon t 

When the moon is on the horizon, it is about four 
tTumsand miles farther from us than when in the zenith ; 
its apparent diameter, therefore, instead of appearing 
larger, ought to appear about a sixtieth part less. 

1740 Why are we so often mistaken in respect to the actual distance 
of a conflagration at night f 

Light radiating from a centre rapidly weakens as the 
distance from the centre increases^ being, for instance, 
Gidy one-fourth part as intense at double the distance. 
The eye learns to make these allowances, and by the 
clearness and intensity of the light proceeding from the 
object, judges with considerable accuracy of the com- 
parative distance. But a fire at night appears uncom- 
monly brilliant, and therefore seems near. 

1747 Why does the evening star rising over a hiHrtop appear as if 
situated directly over the top of the eminence t 

Because we make brightness and clearness to depend 
on contiguity^ as it ordinarily does ; and as the star is 
bright, we unconsciously think it near us. 

1748 What is the cause of colors f 

The action of light. 

1749 How is Uiis pi'oved t 

12^ 
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In the dark, bodies have no color, and in the light 
thoir colors may be altered by subjecting to certain mo' 
difications the light by which they are rendered visible. 
Thus a blue piece of cloth in a rea light will appear red, 

1760 Why id U that toe find U difficuU to disHngtush colors hy candle- 
UgfUf 

Because we have modijled the light upon which the 
full effect of the color depends. 

1761 WhtU then id the true definition of cohf t 

The color of a substance is the efect of light on a 
surface adapted to reflect its particular color. 

1768 Why do some things refiect one coIoTj and some another t 

Because the surface of things is so differeniiy conslir 
tuted^ both physically and chemically. 

1763 Why is a rose red f 

Because the surface of a rose absorbs the blice and 
yellow rays of light, and reflects only the red, 

1764 Why are some things black f 

Because they absorb all the rays of light, and reflect 
none. 

1766 Is black a color t 

It is not^' it is the absence of color. 

176© Why are some things white t 

Because they absorb none of the rays of light, but 
reflect them all. 

1767 Why are clouds^ snoWj sugar ^ and salt white t 

Because they rejlect back unchanged the white light 
which strikes upon them. 

1768 Why are not the crystals of frost and snow transparent Wee icet 

The cr^^stals of frost and snow are not solid^ but they 
contain air ; hence their brilliant whiteness : for the air 
preventing the ready transmission of light through the 
crystals, the rays are copiously reflected from tlie mass 
of crystals. 

^760 Why is the darkness of night diminished by the presence of snow f 

Because tlie snow refiectSy instead of (^bsarbing^ like 
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the bare ground, the faint light that proceeds from the 
sky. 

1760 Why are (he leaves of plants green t 

Because a peculiai* chemical principle, called chloro- 
phyl, is formed within their cells^ which has the property 
of absorbing the red rays, and of reflecting the blue and 
yellow, which mixture produces green. ' 

1731 Why are leaves a Ughi green in spring f 

Because the chlorophyl is not fully formed. 

170S Why do kaues turn hrown in axiiumn t 

Because the chlorophyl imdergoes decaj/y and is not 
replaced as it is in spring. 

17B3 Why do aU things appear liUu^ in the dark f 

Li the dark there is no color, because there is no light 
to be absorbed or reflected, and therefore none to be 
decomposed. 

Of course, in certain degrees of darkness, all objects are actually twvi- 
sible. The question refers to that peculiar degree of darkness when the 
forms of objects may be seen, but not their hues, 

1764: Why does (he sky appear bluef 

Because ihe atmosphere absorbs the red and yellow 
rays, and transmits the blite. 

V7&S Why does (he sun most generaUy fade artificial colors t 

Generally the loss of color arises from the oxidation 
of the substances used in dyeing ; as tarnish and rust are 
an oxidation of metals. Sometimes, however, the 
ingredients of the dye are otherwise decomposed by the 
sun ; and the color (which is due to a corrwination of 
ingredients) undergoes a change as soon as the sun 
deranges or destroys that combmation. 

17Q© Whai remarkable correspondence is (here between ihe geographicai 
position of a region, and the colors of its plants and animals t 

In the tropics^ where the sun shines longest and 
"brightest^ the da/rkest green prevails over the leaves of 
plants, the flowers and fruits are colored brigkHy^ and 
the plumage of the birds is of the richest description. 

X7&7 What is (he natural coloraiion exhibited in temperaie dvmates t 

In temperate climates everything is of a more sub- 
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Colon in different regions of the earth. Contrasts of ooIofb. 
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dued variety ; the flowers are le%% hriaht ; the prevail- 
ing tint of the birds is hrown; and the dresses of the 
inhabitants are sombre. 

1768 How is this correspondence further exemplified in the Arctic and 
Antarctic regions f 

Here there is little color in natural objects ; the few 
flowers are white or yellow ; and the animals are almost 
uniformly hlack or white. 

1769 Jn what part of the ocean do we find the Jyrightesi eheUs and sea- 
weedsf 

Near the shore^ in shallow water, where the influence 
of light is greatest. 

17 70 What fishes are distinguished for the "brilliancy oflheir colors f 

Those that swir^i near the mirface; whereas those 
which live at greater depths are gray, brown, and black. 

1771 Whxd is the appearance of the seaweeds and animais thai live ai 
great depths of the ocean t 

Tliey are nearly colorless. 

±'7*7Q Why is grass gromng under a covering of a white or yeUounsh 
white color f 

Because it is secluded from the lights whose presence 
and action is necessary for the production of the material 
which imparts to it its green color. 

1773 Cf the various rays composing solar light, which are the most 
visible to the human eye f 

The yellow. 

1774 Which have the greatest heating effect t 

The faint red rays. 

1775 Why does a dress composed of cloths of different colors^ look well 
much longer^ although worn^ than one of only a single color, the character of 
the cloth in both instances being identical f 

It is owing to the effect of contrast between the 
colors. If a dress is composed of cloths of two colors, 
as red and green, orange and blue, yellow and violet, 
they will mutually heighten the effect of each, and make 
eacii portion appear to the best advantage. 

1776 Why wiU stains be less visible on a dress of different colors, than 
on one composed of only a single coU/r f 

Because there exists in general a greater contra^ 
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among the various parts of the first-named dress, than 
between the stain and the adjacent part, and this differ- 
ence renders tlie stain less apparent to the eye. 

1777 Why can a coat, waistcoat, and pants of the same color be worn 
with advantage together only when (hey are new f 

Because as soon as one of them loses its freshness 
from having been worn longer than the others, the 
difference will increase by contrast. 

1778 Give an illustration. 

A pair of new black pants, worn with a vest of the 
same color, which is old and rusty, will make tlie tinge 
of the latter appear more conspicuous, and at the same 
time the blacK of the pants will appear more brilliant. 
White and other light-colored trowsers would produce 
a contrary effect. 

1779 What is (he general law upon which (he harmony of colors 
depends f 

Every color when placed beside another color is 
chanaed^ appearing dtfferent from what it really is; 
and it moreover equally modifies the color with which 

it is in proximity. 

■ 

1780 What effect has rose-red upon a rosy complexion f 

It causes it to lose some of its freskness. 

1781 For fair complexions, deficient in rose, which color is most favor^ 
aUef 

A delicate green. 

178J3 What effect has Nock drapery upon the color ofihe skin t 

It makes it appear whiter. 

1783 Whai rule should be observed in the grouping of flouOers and the 
preparalion of bouquets f 

We must separate pink fiowers from those that are 
either scarlet or crimson ; orange, from orange yellow 
flowers ; yellow flowei's from greenish-yellow fiowers ; 
blue from violet-blue, red from orange, pink from violet ; 
blue fiowers from violet fiowers. 

1784 WJiat is the optical effect of dark colors and black upon the size 
of the figure t 
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It causes it to appear smaller ; therefore these colors 
are most suitable for stout persons. 

1786 Whai effect do whUe and light-colored dresses have upon the size 
e/ihe figure? 

They cause Jt to appear larger. 

178S W?uU effect do large patterns in dress make t 

Tiiej make the figure look shorter. 

1787 Whai is ihe effect of narrow hngitudinai stripes in dress t 

They add to the apparent height of the figure. 

1788 Whai is Ihe effect ofhorizonUd stripest 

The effect of horizontal stripes is opposed to that of 
longitudinal, and under every condition they are ^m' 
graceful, 

1789 Whai colors are Inrwst conspicuous in battle t 

It has been found by numerous observations that red 
is the most fatal color, and the least fatal is a light grey. 

1790 Whai curious provision for the protection of animals does nature 
appear to make f 

She appears to have adapted the color of the creature 
to its haunts in such a way as tends to preserve it from 
injury. Caterpillars and insects which feed on leaves 
are generally of the color of the leaves. As long as 
they remain still, it is almost impossible to distinguish 
the grasshopper from the herbage on which it rests. 

1791 What curious change is noticed in the color of animals inhabOing 
the Arctic regions f 

During the snows of winter, foxes, hares, and some 
varieties of birds are white / when the ground is free 
from snow in summer, they are of a hrown color. 
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PART vin. 

ELECTRICITY, GALVANISM, MAGNETISM, AND 

ELECTRO-MAGNETISM, 



CHAPTER L 

ELEcnacmr. 

17©S WhcUisdedricUyt 

Electricity is one of those imponderable agents that 
appear to be diffused through cUl nature^ existing in all 
substances without affecting their volume or tlieir tem- 
perature, or giving any indication of its presence when 
m a latent st3.te. W^hen, however, it is liberated from 
this repose, it is capable of producing the most sudden 
and destructive effects^ or of exerting powerful influences 
by a quiet and long-continued action. 

1703 How may ekctricity be caUed into cbdivUy f 

By mechanical power , by chemical action, by heat, 
and by magnetic influence. 

17^4 Whai ia the most ordinary way of eocdting dectricity f 

^j friction. 

170S Do we know any reason why (he means above enwneraied should 
develope electricity from its laient condition? 

We are entirely ignorant upon this subject. 

179© When you mb a piece of paper with India-rubber^ why does it 
adhere to (he table f 

Because the friction of the India-rubber against the 
surface of the paper developes electricity, to which this 
adhesiveness is mainly to be attributed. 

1797 Does electricity present any appearance by which it can be known t 

No ; electricity, like heat, is in itself invisible, though 
often accompanied by both light and hea^i. 
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ITOS When a substance^ by friction or by any other means^ acquires 
ihe property of aUrcbcting other bodies^ in what state is it said iobef 

It is said to be electrified^ or dectricaUy excited / and 
its motion towards other bodies, or of other bodies to- 
wards it, is ascribed to a force called electric attraction. 

1799 Does an electrified body exercise any other influence than an 
(UtracUve onef 

It does; for it will be found that light substances, 
after touckmg the electrified body, will recede from it 
just as actively as they approached it before contact 
This is termed electric rejmlsion. 

Thus, if we take a dry glass rod, rab it 
well with silk, and present it to a light pith 
ball, or feather, suspended from a support 
by a silk thread, the ball or feather will be 
attracted towards the glass, as seen at G, 
Fig. 81. After it has adhered to it a mo- 
// /f ment, it will fly oflf, or be repelled, as P' from 

<^ 11 C-^ U ^'* ^^^ same will happen if sealing-wax 

^=^ • ^^ be rubbed with dry flannel, and a like ex- 

„«. gu perimeut made ; but with this remarkable 

difference, that when the glass repels the 
ball, the sealing-wax attracts it, and when the wax repels, the glass will 
attract. These phenomena are examples of etectrKoJL attraction and 
repulsion. ^ 

1800 What is a non-'dectrified body f 

One that holds its own natural quantity of electricity 
undisturbed. 

1801 What happens when an electrified body touches one that is non" 
dectrifiedf 

The electricity contained in the former is transferred 
in part to the latter. 

Thus, on touching the end of a suspended silk-thread with a piece of 
excited wax, the silk will be excited, as will be shown by its moving 
towards a book, piece of metal, or any other object placed near it 

1808 Bo aU bodies oondud or allow electricity to pass through (hem 
equally weUt 

Although there is no substance that can entirely pre- 
vent the passage of electricity, nor any that does not 
oppose some resistance to its passage, yet it moves with 
a much greater facility through a certain class of sub- 
stances than tlirough others. Those substances which 
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facilitate its passage are called conductors ; those that 
- retard or almost prevent it, ai-e called noii-conductors. 

1.503 What siibstanas are good conductors of ^xdri/oXy t 

The metals, charcoal, tlie earthy water, and mostfiuide, 
except oils, tiie human body, etc., are good conductors. 

1.504 Whai ayibstatica obstruct the passage of etecbicity, or are "non- 
amdudortJ" 

Glass, reein, oil, silk, sidphwr, dry air, etc., etc., are 
non-conductors. 

isoe What i$ an ekctricol machine r 

An electrical machine is an arrangement by which 
quantities of electricity can be collected and discharged. 

The electrical machine mostuRu- 
nlly employed consiBtB of ft large 
drcular plate of glass, Bee Fig. 82, 
mounted upon a metallic axis, aud 
supported upon pillars fixed to a 
secure baee, so that the plate can, 
by means of a handle, w, be turned 
with ease. Upon the supports 
of the glaits, and fixed so as to 
preea easily but unLfomily on the 
plate, are four rubbers, marked r r 
r r in the figure ; and flaps of silk, 
» «, Mled on one side, are attained 
to these, and secured to fixed sup- 
perts by several atti cords. When 
the machine is put in motion, these 
flaps of silk are drawn tiglitly 
against the giass, and thus the 
friction is increased, and electricity 
excited. The points p p collect F,,, ^ 

the electricity from the glass, and 
convey it ta the conductor, c, wliich Is sup- 
ported by the glass rod g. 

Fig. 83 represents another form of an 
electrical machine, constructed on similar 
principles. S being a glass cylinder turn- 
ing on an axis, Y the conductor, F the 
rubber, A A supports. 

1803 . What is the theory of electricily 
•nest generally adopted t 

The theory proposed by Dr. 
Franklin: this supposes the ex- 
istence of a sinyle, irnponderaUe 
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fiuid^ equally distributed throughout nature: every^ 
substance being so constituted as to retain a certain' 
quantity of this agent. Any disturbance of the natui*al 
state of a body produces evidences of electricity. 

1807 Does dectricity seem to exist in two different states or condiUonsf 

It does ; and to designate these two conditions, the 
terms positive and negative have been employed. Thug 
a body which has an overplus of electricity is called pcei- 
tive, and one that has less than its natural quantity is 
called negative. 

1808 Do ligJU, heat, and electricity appear to have some properties in 
common? 

They do / each may be made, under certain circum- 
stances, to produce or eoccite the other. All are so light, 
subtle, and diflfusive, that it has been found impossible 
to recognise in them the ordinary characteristics of 
matter. Some suppose that light, neat, and electricity 
are all modifications of some common principle. 

1809 W hy does thejur of a cat sparkle and crackle when rubbed with 
the hand in cold weather t 

Because the friction between the hand and fur pro- 
duces an excitation of negative electricity in the Ka7id 
and positive in the /t^r, and an interchange of the two 
causes a spark, with a slight noise. 

1810 Why does this experiment work best in very cold toealherf 

Because the air is then very dry, and does not conmey 
away the electricity as fast as it is excited ; if the air, 
on the contrary, were moist, the electricity would be 
condv^ted off nearl v as fast as it was excited by friction, 
and its effects would not therefore be so manifest. 

1811 With what velocity is electricity transmitted through good conduc" 
torsf 

"With a velocity so great that the most rapid motion 
produced by art appears to be actual rest when com- 
pared to it. Some autliorities have estimated that elec- 
tricity will pass through copper wire at the rate of two 
hundred and eighty-eight thousand miles in a second 
of time — a, velocity greater than that of light. The 
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results obtained, however, by the United States Coast 
Survey, with iron wire, show a velocity of from 15,000 
to 20,000 miles per second. 

1813 What agents are undoubtedly the most active in producing and 
exciting electricity in the operations of nature f 

The light and Jieat of the sun^s rays. 

1813 It ftas become the habit unth many to ascribe to electricity the 
cufency of p?ienomena in the naiurai worlds the cause of which may not b$ 
apparent : is iJiere any reason for this f 

Tliere certainly is not : electricity is diffused throtigh 
aU matter^ and is ever active; and many of its pheno- 
mena cannot be satisfactorily explained ; but it is go- 
verned, like all other forces of nature, by certain fixed 
laws, and it is by no means a necessary agent in all the 
operations of nature. 

It argues great ignorance to refer without examination every mysteri- 
ous phenomenon to the influence of electricity. 

1814 Do some animals have the power of exciting electricity within 
themselves f 

There are certain animals which are gifted with the 
extraordinary power oi producing electncai phenomena 
by an eflfort ot muscular or nervous energy. Among 
these the electrical eel and the torpedo are most re- 
markable. 

181C Hdw powerful a charge of electricity can the electrical eel send 
forth when in fuU vigor t 

Sufficient to knock down a man or stun a horse. 

1816 Is the dectricity generated by these animals the same a>s Huxt occor 
sioned by the ordinary electrical machine f 

It is the sam£j and produces the sams effects. 

1817 Do vital action and muscular movements in man and animals 
give rise to electricity t 

Tliey do / and it can be shown by direct experiment 
that a person cannot even contract the muscles of the 
arm without exciting an electrical action. 

1818 Does change of form or stale in bodies generally produce electrical 
txdtalion t 

Change of form or state is one of the m<^t powerful 
methods of exciting electricity. 
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Lightning. Three forms of lightning. 



Water, in passing into steam by artificial heat, or in evaporating by the 
action of the sun or wind, generates large quantities of electricity. The 
crystallization of solids from liquids, all changes of temperature, the 
growth and decay of vegetables, are also instrumental in producing elec* 
Uioal phenomena. 

18ie Whaiis lightning f 

Lightning is accumvlated electricity^ generally dis- 
charged from the cUmds to the earth, but sometimes 
from tlie earth to the clouds. 

1820 What causes the discharge of an ekdric chud t 

When a cloud overch^raed with electric fluid ap- 
proaches another which is undercharged^ the fluid 
rushes from the former into the latter^ till both contain 
the same quantity. 

1881 JJs there any other cause of lightning besides the one Just men- 
tioned f 

Yes ; sometimes mountains, trees, and steeples will 
discharge the lightning from a cloud floating near, and 
sometimes the electricity passes from the earth into 
the clouds. 

18233 ffow high are the lightning clouds from the earth t 

Sometimes they are elevated yjmr or Jive miles high, 
and sometimes actually touch the earth with one of 
their edges ; but they are rarely discharged in a thun- 
der stonn when they are more than seven hundred 
yards above the surface of the earth. 

18S33 Whai is a thunder storm f 

The disturhamce caused in the air when successive 
discharges of accumulated electricity take place. 

18234 InU) how many kinds has lightning been divided f 

Three, 

18i36 What are they f 

The zig-zo/g lightning^ sheet lightning^ and haU light- 
ning. 

1826 Why is lightning sometimes forked f 

Because the lightning cloud is at a great distance : 
and the resistance of the air is so great that the electri- 
cal current is diverted into a zig-zag course. 
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Sheet and beat lightniiig. Duration of a flash of lightning. 



ISST How does the resistance of the air make ike lightnmg zig-zag f 

As the lightning condenses the air in the immediate 
advance of its path, it flies from side to side^ in order 
to pass where there is the least resistance. 

1.SS8 Why is the flash sometimes quite straight t 

-Because the lightning cloud is near the earth, and as 
the flash meets with very little resistance, it is not 
diverted ; in other words, the flash is straight 

188Q What is sheet ligMmngf 

Either the reflection of distant flashes not distinctly 
visible or beneath the horizon, or else several jlaskes 
irdermmgled. 

1880 What other form does lightning occasionally assume f 

Sometimes tlie flash is globular^ which is tlie most 
dangerous form of lightning. 

1831 Does a discharge jyroduce a flash when it passes through good 
coTvdudors f 

It does not^ but passes quietly and invisibly. 

1832 Wh/U is heai lightning t 

Sometimes it is the reflection in the atmosphere of 
the lightnings of storms very remote^ the storms them- 
selves beingso far distant tLat their thunders cannot 
be heard. This phenomenon is also occasioned by the 
play of silent flashes of electricity between the earth 
ana the clouds, the amount of electricity developed not 
being suflicient to produce any other effects than the 
mere flash of light. 

" 1833 Why is lightning more commxm in summer and in a/utumn than 
in spring and winter t 

Because the heat of summer and autumn produces 
ffreat evaporation^ and the conversion of water into 
vapor always developes electricity. 

1834 Eow long is the duration of a flash of lightning f 

Arago has demonstrated that it does not exceed> the 
millionth part qf a second. 

1835 Wi£h what velocity is lightning^ or the electric fluid which gives 
rise to its appearojice^ supposed to move t 
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Kot less than two hundred and fifty thousand miles 
per second, 

183S W% dMS lightning sometimes hiU men and beasts t 

Because, when the electric current passes through a 
man or beast, it produces so violent an action upon the 
nervous system^ that it destroys life. 

1837 When is a person struck dead by lightning f 

^ Only when his body forms a part of the lightning^ 9 
path / that 16^ when the electric fluid (in its way to the 
earth) actually passes through his hody, 

1838 Whai places are most dangerous during a thunder storm f 

It is very dangerous to be near a tree or lofty iuilding, 

1830 Why is it dangerous to be near a tree or lofty buHding during a 
thunder storm f 

Because a tall, pointed object (like a tree or spire) 
will frequently discharge a lightning cloud ; and if any 
one were standing near, the lightning might diverge 
from the tree and pass through the fluids of the human 
body. 

1840 Edw can a tree or spire discharge a lightning cloud f 

A lightning cloud, floating over aplainy may be too 
far of to be discharged by it ; but as a tree or spire 
would shorten this distance, it might no longer be too 
far off to be discharged. 

For example: If a lightning-doud were seven hundred yards above the 
earth, it might be too far o^ to be discharged; but a tree or spire fifty 
yards high would make the cloud only six hundred and filty yards off a 
oonductor ; in consequence of which the cloud might be instantly dis- 
charged, 

1841 Whai parts of a dweJUng are most dangerous during a thunder' 
siormf 

T!iie fi/rephice (especially if the fire be lighted). It is 
also impnidenjt to sit close by the waUs. 

184S3 Why is it dangerous to sit before afire during a thunder storm f 

Because the heated air and soot are conductors of 
lightning, especially when connected with such excel- 
lent conductors as the stove, grate, or fire-irons. 

184:3 Why is it dangerous to lean against a wall during a thunder 
storm t 
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Because the electric fluid will sometimes run down 
a wall^ and (as the body of a person is a better conduc- 
tor than a wall) would leave the wall and run down tlie 
body. 

1844 Why is it dangerous to he in a crowd during a thunder storm t 

For two reasons : 1. Because a mdss of people forma 
a better conductor than an individual ; and 

2. Because the vapor arising from a crowd increases 
its conducting power. 

1846 Why is {he danger increased by the vapor which rises from a 
erowdt 

Because vapor is a conductor, and the more conduc- 
tors there are, the greater the danger will be. 

1846 If a person he abroad in a thunder stomij what place is the 
safest t 

Any place about twenty or thirty feet from a tall 
treey building, or stream of water. 

1847 Why would it he safe to stand twenty or thirty feet from a taU 
tree during a thunder storm t 

Because the lightning generally chooses tall trees as 
conductors, and we should not be sufficiently near tlie 
trees for the lightning to diverge from them to u^. 

1848 Why is the middle of a room more safe than any other part of 
it in a thunder storm t 

Because the lightning (if it should strike the room at 
all) would come down the chimney or walls of the room ; 
and therefore the farther distant from these, the better. 

1840 Why is a mattress^ hed^ or hearth-^rug a good security against 
injury from lightning f 

Because they are all non-conductoi's ; and as lightning 
always makes choice of the best conductors, it would not 
choose for its path such things as these. ^ 

I860 What is the safest thing a person can do to avoid injury from 
Hghining f 

Lie upon a hed in the middle of a room. A hed filled 
'With feathers is an excellent non-conductor. 

1851 Is there not generally a greater apprehension of the danger from 
Ughtning than experience wovJd justify t 

The apprehension and solicitude respecting lightning 
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are proportionate to the magnitude of the evils it pro- 
duces, rather than the frequency of its occurrence. The 
chances of an individual being killed by lightning are 
infinitely less tlian those which he encounters in his 
daily wallcs^ in his occupation^ or even during his sleep 
from the destruction of the house in wliich ne lodges 
by fire. 

1862 Why does the lightning in Us course down a building generally 
dart from point to pointy and not Jbllow a direct paih f 

Because it always takes in its course the best conduc- 
tors ; and will fly both right and left in order to reach 
them. 

1863 What is a Ughtmng conductor t 

A met{d rod fixed in the earth, running up the whole 
height of a building, and rising in a point above it 

1864 Whai metcU is best for this purpose t 

Copper makes the best conductor. 

1866 Whai is the use of a UghLning conductor f 

As metal is a most excellent conductor, lightning 
(which makes choice of the best conductors) will run 
down a metal rod rather than the walls of the building. 

1865 Why should lightning conductors be pointed f 

Because points conduct electricity away silently and 
imperceptibly. 

Blades of grass, ears of corn, and other pointed objects serve to with- 
draw electricity from the clouds. 

1867 How far wiU the beneficial influence of a lightning condudor 
extend? 

It will protect a space all round four times the length 
of that part of the rod which rises aho^e the building. 

1868 Give me an example. 

If the^od rises two feet above the house, it will pi*o- 
tect the building for (at least) eight feet all round. 

I860 Bow can lightning conductors he productive of harm f 

If the rod be broken^ the electric fluid (being obstruct- 
ed in its path) will enter the building. 

I860 Is there any other evU to be apprehended from a Ughining rod t 

Yes ; if the rod be not large enough to conduct the 
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FraBkIin'8 experiment with a kite. Identity of lightning and electricity. 
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whole current to the earth, the iiglftning will fuse tlie 
nictal and enter the buildinor. 



'O' 



1831 By whom was the identity of lightning and eledricity first estor 
hlishedf 

By Dr, FranTdin^ at Philadelphia, in 1752. 

The manner in which this fact was demonstrated, was as Mows: 
Having made a kite of a large silk handkerchief stretched upon a frames 
and placed upon it a pointed iron wire connected with the string, he raised 
tt upon the approach of a thunder storm. A key was attached to the 
lower end of the hempen string holding the kite, and to this one end of a 
silk ribbon .was tied, the other end being fastened to a post. The kite 
was now insulated, and the experimenter for a oonsiderable time awaited 
the result with great solicitude. Finally, indications of electricity began 
to appear on the string; and on Franklin presenting his knuckles to the 
key, he raised an electric spark. The rain beginning to descend, wet the 
string, increased its conducting power, and vivid sparks in great abun- 
dance flashed from the key. 

1862 Why was the kite insulated when IVanklin fastened tJiekey to ifia 
post with a siUc ribbon t 

Because the silk was a non-condtcctor^ and would not 
allow the electricity received upon the kite to pass off 
by means of the string to the ground. 

1863 Was {his experiment one of great danger and risk f 

It was ; because the whole amount of electricity con- 
tained in the thunder cloud was Ual>le to pass froin it, 
by means of the string, to the earth, notwithstanding 
the use of the silk insulator. 

1864: If a lightning rod is made of iron, ho7v large should it he t 

Not less than ihree-quarters of an inch in diameter. 

1866 In what manner shovM the rod be erected f 

The rod should be continuous from the top to the hot- 
lom^ and an entire metallic communication should exist 
tliroughout its whole length. ^ 

This law is violated when the joints of the several parts that form the 
»nductor are imperfect and when the whole is loosely put together. 

1866 Ems should (he conduchr be fastened to the buiMing t 

By wooden sfujppovts, , 

If there are masses of metal about the building, as gutters, pipes, etc., 
these should be connected with the rod by strips of metal ; for unless tliis 
is done the lightning may pass from the rod to the metal, and enter tho 
building 

13 
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Utmtj cf ligbtnlng-rodB. Wbat to thunder? ' 

1867 Ifow ahoM the lower end of tlie rod he arranged f 

It should be divided into two or three hrancheSj and 
turned from the buildhig. 

The end of the rod ought to extend so far below the surface of the 
ground as to reach earth that is permanently damp. 

1868 Why is it a good plan to bury the end of the rod in powdered 
charcoal t 

Because it preserves the iron from rust^ and facUir 
tates \\\Q passage of the electricity. 

1869 Have we any proof of the utility of lightning rods f 

The experience of a hundred yeare has shown that 
when all the necessary rules have been observed^ the 
protection is perfect, as far as human effort can avail. 

1870 Is a building more or less liable to be struck whenfvmished with 
a good lightning conductor f 

Lightning conductors do not^ as many suppose, attract 
the hghtnififf towards the huHding on which they are 
situated ; they simply direct its course^ and facilitate 
the passo/ge of the jmid in the most direct way to the 
earth, only when a discharge must inevitably occur. 
Tliere is no attraction, but the lightning takes the road 
which offers the least resistance. 

1871 Are lightning conductors protective when even no visible discharge 
takes placet 

They are,' they possess a very great preventive 
powcTy and gradually and silently disarm the clouds by 
conducting the electricity from them ; and this process 
commences as soon as the cloud has approached a posi- 
tion vertically over the rod. 

1873 WJiat is thunder f 

It is a certain noise proceeding apparently from the 
clouds, which usually follows, after a greater or less 
interval, the appearance of a flash of lightning. 

1873 How is it supposed to be occasioned? 

The usual explanation offered is a sudden displace- 
ment of the air produced by the electrical discharges in 
which the lightning is evolved. 

Others have supposed that the passage of the electric current creates a 
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vacuum, and that the air rushing in to fill it produces the sound. Any 
explanation that has yet been ofi'ered is not altogether satisfactory. 

1874 What occasions the rolling of iJie (kurukfr t 

It has been ascribed to the effect of echo / but the 
true cause probably is, that the sound is developed by 
the lightning in passing through the air, and conse- 
quently separate sounds are produced at every point 
through which the lightning passes. 

1873 Why is thunder sometimes one vast crash t 

Because the lightning cloud is near the earth ; and 
as all the vibrations of the air (on which isound depends) 
reach the ear at the same moment^ they seem like one 
vast sound. - 

1878 Why is the thunder generally heard several m/mients after the 
flash t 

Because it has a long distance to travel. Lightning 
travels nearly a miUion times faster than thunder ; if, 
therefore, the thunder has a great distance to come^ it 
will not reach the earth till a considerable time after 
thejktsh. 

l.&*7'7 Can we pot tell tJie distance of a thunder cloud by observing the 
interval which elapses between the flash and the peal f 

Yes ; the flash is instantaneous, but the thunder will 
take a whole second of time to travel three hundred and 
eighty yards ; hence, if the flash be five seconds before 
thunder, the cloud is nineteen hundred yards off. 

*. e. 380 X 5=1900 yards. 

1878 What is the aurora borealis or northern lights t 

Luminous appearances seen in the sky at night-time. 
Sometimes stremis of blue, purple, green, red, etc., and 
sometimes flashes of light, are seen. 

187© Whai is the cause of the aurora borealis or northern lights f 

Electricity in the higher regions of the atmosnhere 
is undoubtedly an active agent m producing this pheno- 
menon. 

1880 Is the aurora ever seen in other parts of tlie heavens than towards 
the north? 

In the northern hemisphere it always appears in the 
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north, but in the Knitheru lieiiiispliere it appears in tlie 
iouth : it sceme to orifrinate at or near the j)oles of the 
earth, and is couBeqii^ntlj seen in its gi-e'atest perl'ection 
wiihin the arctic and antarctic cii-eles. 

1S61 W hat ie htomn cmtaraing llie exiiml nf the aiB^rat 

It 18 not local, but it is Been simultaneouBly at places 
widely remote fiom each other, as in Europe and 
America. 

1B8S WluU calailationa liam been TWufc respecting the height of Qie 

The height of the appearances varies from one to two 
hundred miles ; they sometimes appear within tlie 
region of the clouds, and very near to the earth, 
13S3 Do Oie auroraa appear at any paTtiaaior seasons and times f 
They appear more frequently in ttie winter than in 
the amnmer, and are only seen at night. 



The eccompauTJng figure represenls one of the moat beauUAil of tho 
auroral ptieiioniGna. 

1SS4 Do Ihey also occnr in the day-timet 

The aurora is known to qfeot then ~ ~ 



SCIENCE OF COMMON THINGS. '289 



Anrora-borealis occurs In the day-time. What Is galvanism f 



the telegraph ; and as the effects upon these instruments 
are noticecfhy day as well as by night, there can bene 
doubt of the occurrence of the aurora at all hours. The 
intense light of the sun renders the auroral light in- 
visible during the day. 

1S86 Of what utility are th/B auroral appearances in the polar regions f 

During the long polar night, when the sun is absent, 
the aurora appeal's with a magnificence unknown in 
other regions, and affords light sujffioient for many of 
the ordinary out-door employments. 



CHAPTER II. 

GALVANISM. 

1886 Wliai is galvanvmi f 

It is the production of electrical dlsturhance hy chemtr 
col action, 

1887 Whai is the most simple manner of iUustraiing (he production of 
this electricity f 

If wo place a piece of silver on the tongue, and a 
piece of zinc underneath it, no effect will be produced 
as long as the two metals are kept asunder ; but when 
their ends are brought together, a distinct thrill will 
pass through" the tongue, a metallic taste will diffuse 
itself, and, if the eyes are closed, a sensation of light 
will bo evident at tne same moment. 

1888 7b what is this resuU owing f 

To a chemical action developed the moment the two 
metals touched each other. 

The saliva of the tongue oxidizes a portion of the zmc, which excites 
dertricity^ for no chemical action ever takes place without producing elec- 
tricity. Upon bringing the ends of the two metals together, a slight 
current passes from one to the other. 

188Q By whom was ihe production of galvanic electricity first noticed t 
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By GcJivani, professor of anatomy at Bologna, Italy, 

in 1790. 

llavini; occasion to dissect soreral frogs, he hUDg up tbe[r hind lega an 
Bomo cupper Jumke, unlil he mifcljt find it iiecesssry to use tliem for illus- 
tration. In tliis manuer ho tmppfDExi to suspend a number of the copper 
liooks on an iron balcony, wlien, to his great aslonisLuneul, Uie limbawers 
thrown into violent convulsions. 

1S90 On imiealigaiing the phenomena uAof did Galvani ducover t 
He found that whenever the nerves of a frog's leg 
were touched by one metal and tlio niueclee by another, 
convnleiona tooK place on bringing the two differeid 
metals in contact 



This is explained by reference to Fig. SO, which representa a fn^'a lugs, 
the upper part diasecicil i[i such a way as to i-xhibit the nerves of iJie tegn. 
and a portion of tlie spinal marrow. If wo now lalje two thin pieces of cop 
per anrl zinc, c z, and phice one under the nerves, and tlie otlier in contaL-t 
with Uiu muscles of tlie leg, we sliall find thai so lunti: an the two pieces 
of metal are separated, so long wiU the limbs remain motionless, but by 
mak i n)C n conncctiiHi, inatanlly the whole lower extremiUee will b« thrown 
into violent convulsions, quivering and atrotehing themselves in a manner 

nngular to de«eriho. If tlie wire ia kept elieely in contact, theae 
B . . . . ^ duration, but are renewed every timo th« 
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Fig. 86. 



Gonstmction of a gslTanlo battery. Origin of the term ** galvanisin.^ 

contact is made and broken. Here, then, we have distinct evidence of 
tlie presence of free electricity, developed apparently by simple contact. 

1891 WJmt is the simplest' way of exciting a current of galvanic dec- 
iridiy f 

By arranging a series qf metal plates in a 
piley placing them in pairs, with a wet cloth 
Between them, it bemg necessary that one 
of each pair should be more easily oxidized 
than the other. The simple contact of these 
plates will produce a feeble and continued 
galvanic current. 

Fig. 86 represents an arrangement of this character. 

189i3 What is such an arrangemerU of plates for pro- 
dudng electrical currents called t 

A galvanic or voltaic lattery. 

1893 Why care the terms *^ galvanic" and ^^voiUauP 
applied t 

Tliey originated in honor of Oalvani and 
Yolta^ the Italian philosophers who first de- 
veloped these phenomena of chemical electricity, and 
the means of producing them. 

1894 Are there many metals or other substances whichj when brought 
together^ are capable of producing galvanic action f 

The number is quite large; among them we may 
enumerate the following: zinc, leadj tin^ antimony^ 
iron^ brass J copper ^ silver j gold, platinum^ black lead or 
graphite, and charcoal. 

1895 Wm any two of these brought together produce a galvanic current t 

They will : but they possess the power in different 
degrees ; ana the more remote they stand from each 
other in the order above given, the more decidedly will 
the chemical electricity be developed. 

Thus zinc and lead will produce a voltaic battery, but it will be much 
?es8 active than zinc and iron, or the same metal and copper, and this last 
less active than zinc and platmum, or zinc and charcoal. 

1896 Does galvanic or voUaic electricity appear to consist of two MndSj 
positive and negative, as in ordinary electricity f 

It does ; positive electricity always flows Jrom the 
tnetal which is acted vpon most powerfully, and nega- 
tive electricity y>om the otlier. 
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Polu oTk batter;. Mona bj' nblcb gaJnnLc-elwtiiclly In qniotltyan be daveloped 
1S©T What do tee mean loften we tpeaJc of a galvarde drmilT 
The connection of the two metals in the battery, so 
that the positive and negative electricities can j«ce/, 
andfi(ya) in opposite directions. 

1S68 Al lelial point in the circuit leiS the mani/eataiiom of declricil]/ 
k niost aj^real 1 

At the point where the two currents meet. 

laaB What iJTiKanlhy Hie potei of tlie battery t 
Tie two metals tormina; the elements of the battery 
are generally connected by copper wires ; the ends of 
these wires, or the terminal pmnta of atiy other connect- 
ing medium used, are called the poles of the battery. 

Thm^ when zinc and copper poles are used, tiie end of Uie wire coo- 
*e;iiig powtive eli.'ctridty jroni Die zinc would be llie positive pole, aiid 
tlie end of ttie wire ronTCjing: uogutivo uUt'triiiJtj froiD tlie copper p1at« 
would be the ncgntive pole. Furada; dL'Scribcs tliu polefl of llic battery 
OS the dcKiTB by wliicli electricity entere inkior pasaesoutoTllieBubstaDce 
■uflering decomponition. 

A very simple, and at the same time an active, galvanic circuit may be 
fbrmed by an arrangGmeiit aa re- 
presented in Fig. 87. C and Z ara 
tliin plntes of copper and zinc im- 
mersed in a glass vessel containing 
a very weak Bolulion of Bulpliurio 
acid and water. Metallic contact 

fs made by means of the wires, X yl 

and W, soldered to the plates, the * f 

poles intersecting at Y. The cui^ I i 

rent of powlive electricity, when j| 
the rarcuit is closed, paasee from 
the zinc, tlirough the liquid, to the 
copper, apd frcrai the copper, along 
the conducting wires, to Uio zinc, 
as indicated bj the arrows in tba 
flgure. A current ofnegative dec- ^ — -» 

tricity traverses the drcnit alsoy FlcST. 

trtim tlie cupper lo the zinc, in a 
direoUoH precisely reversed. 

1900 By ishal chemical action can the greaiest abandonee of galvanie 
dectncily be deuehpfdt 

By the oxidation of jnetallic zinc by weat sulphnric 
acid. 

immersed in acid vi 

By increasing the number of the plates and the qnan- 
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tity of the liquid, we increase the mteDsitj of the elec 
tricitj developed. 




Mgi. 8S and 69 represent some or tho most common Tomis c^ (ralTanle 
batteries. In Fig, 88 two plates of zinc, 2 z, inclosing a piece of silver 
between them, are immersed in a glass cylinder, G, containing acid ; S " 
and A represent llie poles of the battery. In Fig. 89 tlie battery con- 
eista of two concentric cupa or cylinders of copper, C, and a cylinder of 
zinc, Z, fitting between. The acid solution is poured into the spaces be- 
tween the cylinders. Another form consists if an eartlienware trough, 
conl^ning acid, in which alternate plates of copper and zinc are arranged, 
and connected together by wires rising fcom each end of the trough. 

X&OS2 What are the most ordinary fffech prodtuxd by Hit dexihped 
dedricily 0/ a largt galvoMK battery f 

The production of ^a/rhs and hriUiani JlasJiea of 
ligkt, the hoating and fusing of metals, the deflagration 
of gunpowder and other inflammable enbEtances, and 
the decomnOBitioD of water, saline compounds, and 
metallic oxides. 

1503 R&iB may the most splendid arlifidtd light knoum beprodveedf 
Hy fixing pieces of pointed charcoal to the wirea 

connected with opposite poles of a powerful galvanic 
battery, and bringing them into contact. 

1504 Om infejwe ?ieai be developed by the action 0/ the galvanic bat- 
tery 03 MJeU /a intewie Ughtt 

The qreatest artificial heat man has yet succeeded in 
producing has been through the agency of the galvanic 
oaitery. 

I6OS Whal Tefraclory mibstanees can be fused by Vie aid of iie gal- 
vamis baUeryt 

All tlie metals, including platinum, cau be readily 
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melted ; quartz, sulphur, magnesia, slate, and lime are 
liquefied ; and the diamond fuses, boils, and becomes 
converted into coal. 

lOOO Whai is dectrotyping, or dectrtHnetaUurffyf 

It is the art or process of depositing^ from a metallic 
solution^ through the agency of galvanic electricity, a 
coating or film of metal upon some other substance. 

1007 Upon wlujA principles is it accomplished f 

The process is based on the fact, that when a galva- 
nic current is passed through a solution of some metal, 
as a solution of sulphate ot copper (sulphuric acid and 
copper), decomposition takes place / the metal is sepa- 
rated in a metallic state, and attaches itself to the nega- 
tive pole, or to any substance that may be attached to 
the negative pole; while the acid or other substance 
before m combination with the metal, goes to, and is 
deposited on the positive pole. ^ 

In this way a medal, a wood-engraving, or a plaster cast, if attached 
to the negative pole, may be covered with a coating of copper ; if the 
solution had been one oontaijj^ing silver or gold, the substance would 
have been covered with a ooatmg of silver or gold instead of copper. 

1008 How can (he thickness of (he deposits he regulated f 

The thickness of the deposit, providing the supply 
of the metallic solution be kept constant, will depend 
on the length of time the object is exposed to the xnjlur- 
ence of the hoMery. 

In this way, a coating of gold thinner than the thinnest gold-leaf can 
be laid on, or it may be made several inches or feet in thickness, if 
desired. 

The process of electrotyping has been strikingly taken advantage of ia 
reproducing expensive engraved plates, as the map-plates of the Coast 
Survey of the United States. The plate of the map, usually on copper, is 
frequently the work of years under the hand of the engraver, tlie cost 
being counted by thousands of dollars. If the plate, when finished, were 
printed on directly^ the pressure of the paper a few hundred times would 
soon obliterate the faird lines of the engraving on the metal, ^nd the plate 
would soon become injured or spoiled. But now the original plate is 
never printed on, but an electrotype on copper is taken from it, at a very 
small expense ; and this may be repeated almost indefinitely, thus afford- 
ing fresh plates for printing whenever required, 
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CHAPTER III 

MAGNETISM. 
1©0© Is (here any connection between ma§neiismand electricity f 

There is every reason to believe that magnetisin and 
electricity are but modifications of oneforce^ 

IdlO WhaX is a loadstone or a naXural magnet t 

It is an ore of iron^ known as the '^protoodde of 
iron^^ or " magnetic oxide of i/ron^^ which is capable 
of attracting other pieces of iron to itself; and it sus- 
pended freely by a thread, and left to take its own po- 
sition, it will arrange itself so that its extremities will 
point towards the north and south poles of the earth. 

lOll Are wjJtwrdl magnets rare f 

They are not / thev are found in many places in the 
United States. In Arkansas^ especially, an ore of iron 
possessing remarkably strong attractive powers is very 
abundant. 

The magnetic ore is usually of a dark 
grey hue, and possesses but little me- 
tallic lustre. Jfig. 91. If a piece of this 
ore be dipped in iron filings, or a number 
of small needles, they will generally be 
found collected and clinging together in 
great quantities at two opposite extremi- 
ties, as represented in the figure, whilst 
the middle portion is nearly destitute. 
The magnetic property, whatever it may ng. 91. 

be, seems therefore to be collected and act 
with the greatest energy at two opposite extremes; these have been 
termed poles. 

1D1J5 WTiat is the origin of the terms " rruigneC^ and " magnetism f* 

The loadstone or natural magnet was first found at 
Magnesiay in Lydia, Asia, whence were derived the 
names. 

1913 Can a naJtural magnet communicate its aUractive properties to 
siher bodies by contact t 

It ca/nj and that too without any apparent loss of 
attractive strength. 
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Bodies Cftpable of being magnetized. Induction. Magnetic needle. 

1S14 What bodies are capable of being inagneiized by contact with 
natural magnets t 

Iran and steel are the substances most susceptible of 
this influence, but brass, nickel, and cobalt can also 
become magnets. 

1016 Does the nMgneiism imparted to a piece of soft iron, or steely by 
contact with a natural magnet, -remain permanent in (keir substances f 

In tlie steel it doesj but the soft iron loses itsjpc/wer as 
soon as it is removed from the magnet. 

1&1& Is it necessary thai ahsdute contact should take place between a 
magnet and a piece of soft iron to render Vie latter a magnet t 

No, every piece of soft iron brought near a magnet 
becomes by induction itself a magnet. ^ 

l€^17 Wh/ii dc you mean by induction t 

It is the production of like effects in conti^uovs ho- 
JLus. In electricity or magnetism, it is the influence 
exerted by an electrified or mngnetized body through 
a non-conducting medium witliout any apparent com- 
munication of a current. 

1018 What is mearU by the directive power of the magnet t 

It is that power which will cause a magnet, when 
suspended freely, to constantly turn, the same part to- 
wards the north pole and the opposite part towards the 
south pole of the earth. 

1019 Whxit are the poles of a magnet f 

They are the ends of the magnet, and are denomi- 
nated north and south poles, according as they point to 
the north or south poles of the earth. 

10230 What are the poles of (he earth f 

Tlie extremities of the eanrtKs axisj or the points on 
the surface of the globe through which the axis passes. 

IdSl What is a magnetic needle t 

Simply a bar of steel which is a 
m^agnet^ suspended in such a way 
that it Q.2uVL jreely turn to the north 
or south. 




YKm- 98* 



1G823 WhaJt is a marinef^s compass f 

It is a delicate steel har or 
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needle balanced upon apivot placed beneatli its centre 
of gravity in Bnch a war that it can turn horizontally 
witliout obetrnction. Tliia needle is usually inclosed in 
a box, upon tlie bottom of which ia a card, with the 
varioiiB points^ — north, Bouth, east, west, etc., etc., 
marked upon it. 



Fig. «. 

8uch a needle, if the box containing it be placed on a level surface, will 
generally be obKerved to vibrate mora or less, till it settles in sneli a 
direction thnt one of its extremities or polos will point towards tlie nortli, 
and tlio other confeiuontly towards tlie south. If tlie position of the box 
be alliTBii or reverHed, the needle will always turn and vibraW again, till 
iLs poles bavo atlained the same direction as before. 

leaa ZhrstJiecampaaSTieedUakvai/apoiiileauih/wirCharuliotilht 
It does not/ its natural direction is towards tlie north 
and south poles, but it seldom points due north or 
south. 

1994 Who first daanvred the fad thai a jaagnet vxnM invariaWy 
point to Uie north and Sie souih, and made swe of this kaowkdge in amstrucl- 
iny a cimposa 7 

It is claimed to have been discovered by the Chinese : 
it was known in Europe, and used in the Mediterranean, 
in the thirteenth century. 

19S5 Eom were the mmpnases ef thai lime eonstructed t 
They were mere]y pieces qf loadstone fixed to a cork, 
wliicli floated on the surface of water. 

1B3S Is the earth itself mtpposed to be a nuu/iui t 
It is undoubtedly a ^eai r, 
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How iron ban become magnetic Hone^hoe magneto. 

1927 Is iron under certain circumstances rendered magnetic by the 
inductive action of the eartKs magnetism t 

Most iron bars and rails^ as the vertical bars of win- 
dows, that have stood for a considerable time in a per- 
pendicular position, will be found to be magnetic. 

lQd8 If toe suspend a bar of soft iron sufficiently long in the air, will U 
assume magnetic properties t 

It vriU gradually become m/ignetic: and although 
when it is first suspended it points indifferently in any 
direction, it will at last point north and soiUh. 

19dO Bow may a bar of iron^ such as a hitchen poker^ be made imime- 
diaiely magnetic, without resorting to the use of other magnets? 

If the bar devoid of magnetism is placed with one 
end on the ground^ slightly inclined towards the north, 
and then stnick one STnart blow with a A«mm^«upon 
the upper end, it will immediately acquire ^ZaW^, and 
exhibit the attractive and repellant Droperties of a 
magnet 

1930 What is a horseshoe magnet f 

It is a magfietio bar bent into the/orm of a horse-shoe. 

When a piece of iron not magnetic is brought in 
contact with a common magnet, it will be attracted 
by either pole; but the most powerful attraction 
takes place when both poles can be applied to the 
surface of the piece of iron at once. The magnetic 
bars are for this purpose bent into the shape of the 
letter U, and are termed horse-shoe magnets. 
Several of these are frequently joined together 
with their similar poles in contact ; they then con- 
stitute a magnetic baUery^ and are very powerful, 
either for lifting weights, or charging other mag- 
nets. (See Mg. 93.) 

1031 If we break a magnet across the middle^ what happens f 

Each fragment becomes converted into a perfect 
fna,gnet* the part which originally had a ^ortn pole 
acq^uires a south pole at the fractured end, and the part 
which originally nad a south pole, gets a north pole. 

103d If we divide up a magnet to the eoctreme degree of mechanical fine- 
ness possible, will the pieces possess magnetic powers t 

Each fragment, however small, will be a perfect 
magnet. 
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Electro-magnetisin. When and how disoovered. 



CHAPTEE IV. 



ELECTRO-MAGNETISM. 



1933 What is dectro-magnetismf 

It is the magnetism developed throngli the agency 
of electrical or galvcmic action. 

1034 Whai were tJie earliest phenomena observed which indicated a 
reilation between magnetism and electricity f 

It was noticed that sMp^s cornpa^sses have their direc- 
tive power impaired by lightning, and that sewing 
needles could be rendered magnetic by electric dis- 
charges passed through them. 

103CS WJuU discovery, made by Prof, Oersted of Copenhagen^ estar 
Hished beyond a dottbt the connection of electricity and magnetism f 

He ascertained that a magnetic needle placed near a 
metallic wire connecting the poles of a galvanic battery 
was compelled to change its direction, and that the new 

direction it assumed was deter- 
% ^ % mined bv its position in relor 

I N I I ■ s |^ tion to tne wire and to the di- 
rection of the current trans- 
mitted along the wire. 

Thus, if, as in Fig, 94, a needle be in- 
Flg. M. closed in a wire not touching it at any 

point, and a current of electricity pass 
through the wire, the needle will be made to move in accordance with the 
direction of the current 

1036 Whai other important discovery was made about the same 
time? 

It was found that if a piece of soft iron, not possessing 
magnetic power sufficient to elevate a grain weight, be 
placed within a coil of copper wire through which a 

!;alvanic current is passing, it will become, through the 
nfluence of the current, 2i powerful magnet; and will, 
so long as the current flows, sustain weights amount- 
ing to many hundreds of pounds. (See rigs. 95 and 
96.) 
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Excitation of Magnetism. Morse's Magnetic Telegraph. 





Fig. 94. Fix. 95. 

1937 Is (he magnetic potoer o/Oie bar found to be wholly dependent an 
(he existence of the cuiretit t 

It is,' the moment the cnrrent stops, the weights 
/all away from the bar in obedience to the law of 
gravity. 

1038 How great weights have been lifted by magnets formed in this 
manner'? 

An electro-magnet constructed by Prof. Henry was 
capable of elevating and sustaining about a ton weight. 

1939 Upon what principle does (he construction of the Morse magnetic 
telegraph depend t 

Upon the principle that a cun*ent of electricity circu- 
lating about a bar of soft iron is capable of rerulering it 
a magnet. 

The arrangement by which this principle is made avaflable in the con- 
stniction and operation of the Morse magnetic telegraph will be under- 
stood by reference to the accompanying diagram (Fig. 96), which repre- 
sents the construction and arrangement of this form of telegraph. P and 
E are pieces of soft iron surrounded by coils of wire, which are connected 
at a and h with wires proceeding from a galvanic battery. When a cur- 
rent is transmitted from a battery located one, two, or three hundred 
miles, as the case may be, it passes along the wires and into the coils sur- 
rounding the pieces of soft iron F and E, thereby converting them into 
magnets. Above these pieces of soft iron is a metallic bar or lever. A, 
supported on its centre, and having at one end the arm D, and at tlie 
other a small steel point, o. A ribbon of paper, p hj rolled on the cylinder 
B. is drawn slowly and steadily off by a train of clock-work, K, moved by 
the action of the weight P on the cord C. This clock-work gives motion 
to two metal rollers, G and H, between which the ribbon of paper pa.«?ses, 
ani wiiich, turning in opposite directions, draw the paper from the cylin- 
der B. The roller H has a groove around its circumference (not repre- 
nented in the engraving) above which the paper passes. The steel point, 
f, of the lover, A, is also directly oppasite this groove. The spring r pre- 



BCIENCE OF COMMON THINOS. 3 

Telegmpb. oiBgnstic, principles ot Intelllgenw, bow soDTeTed bf. 



Rr. SO. 
vents tfie point from reating upon tlio paper \rhon the telegraph U not in 
operation. 

ie40 Whj/ is it jiKswari/. i" conveying Oit tdegraph inirea, tosujgiori 
them upon glass or earthen cjlirukrs f 

These are used for tlie purpose of iiieiiring the perfect 
insiiUition of the wires, since but for this tlie electricity 
■would pass down a damp pole to the eartli, and be lost, 

1S41 Is Biere any truik in Ote idea thai many persons have, that some 
priiidple passes along the telegraphic vnrea when inieUigence is ttatiemiiled t 

This supposition is whoUij erroneous ; the word cur- 
rent, as something flowing, conveys a false idea, but wo 
Lave no other term to express electrical progi-ession. 

1949 flow can loe gain an idea ofmluU really takes place, and 0} the 
nature ofOie infliience Irnnsmitledt 

Tlie earth and all matter are reservoirs (^ eUctneiti/ ; 
if we disturb this electricity at Boston by voltaic infln- 
enco, its pulsations may be felt in New 1 ork. Suppose 
the telegraphic wire were a tube, extending from 
Boston to New York, filled with water. Now, if one 
drop more is forced into it at Boston, a drop must fall 
out at New York, but no drop was caused to pass from 
Boston to New York, Something similar to fliis occurs 
in the transmission of electricity. 
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PART IX. 

FAMILIAR CHEMISTRY. 



■♦•♦' 



1Q43 Whatis starch? 

The name starch is given to a mealy substance which' 
is deposited in most vegetables at the time of ripening, 
from the juices with which the cells of the plants are 
fiUed. 



W?iat common vegetable especially abounds in starch t 

Tlie potaAo ; which consists entirely of cells filled 
with starch and water. 

A cell is a little membranous bladder filled with a solid or fluid sub- 
stance. 

1946 Why does (he laundress find it necessary to hoU starch he/ore 
using it for stiffening linen^ etc. t 

The starch, consisting of little granules, is insolicble 
in cold water ; but when acted upon by hot water, 
the granules burst and allow their contents, which ai^e 
soluble, to become mingled with the water. 

Starch is manufactured as follows : — 

Potatoes, for example, from which most of the starch of commerce ia 
manufactured, after being pared, are grated to a pulp. This pulp is put 
upon a sieve and stirred about, while at the same time a little stream of 
water is made to flow upon it A milky liquid runs through the sieve, 
but the fibrous portion of the potato, the vegetable tissue, remains behind. 
This hquid, after a short interval, deposits a white powder, which is the 
starch. By tlie simple process of tearing up the vegetable tissue, ahd 
removing the inclosed starcli by washing, this substance may be procured 
from a great variety of plants. 

1046 Why do jwtaloeSj heans^ rice^ and most of the common vegetables^ 
sweU up when boiled vnth toaterf 

Because tlie starch absorbs water at the boiling tern- 
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perature, which causes the cells to swells thereby giv- 
iDg to the vegetable a rounded appearance. 

IQ^T What is ihe composition of wTieai flour t 

Starch IS one of the principal constituents of wlieat 
flour, as well as of all other kinds of meal. Tlie other 
principal constituent is a grey, tough, viscous sub- 
stance, called gluten. 

1048 Jb what does paste, irvade of wheat or rye fUmr, owe its adhe- 
tiveness t 

In some measure to the starchy but principally to the 
ghiten contained in it. 

1049 Can starch he converted into gum and sugar t 

It can / fruits and plants effect this change nqiu* 
rally : we can also produce the change artificially by 
chemical processes. 

1060 Why o/re potatoes frozen and (hawed sveet f 

Because by the freezing action the starch of the po- 
tato is in part corwerted into sugar. 

1051 Why are apples^ pears, grapes, etc., in their unripe state sowr^ 
and in their ripe condition sweet f 

In the unripe fruits mentioned starch is present ; in 
the ripe fruits it is absent / in the process of ripening 
the starch is converted into sugar^ and the fruit losing 
its sour taste, becomes sweet. 

19S2 What are acids f 

Acids are substances which excite the taste of sour- 
ness when applied to the tongue ; they change the blue 
juices of vegetables to red, and combine with alkalies 
to form neutral compounds. 

1Q53 What is an alkali f 

An alkali is a body that possesses properties the 
converse of those of an add. It has a highly bitter^ 
acrid taste^ changes the blue juices of vegetables green^ 
or the juices of vegetables which have been changed 
red by an acid, back again to blue. Potash and soda 
are the representatives of the alkalies. 

X9CS4 When sulphur is hwrned in the air what is Gie product formed? 

Sulphurous aoid. 
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1956 WfuU causes the suffoccUing odor of a lighted brimstone match t 

Tlie sulphurous acid generated by the combustion 
of the Bulphur. 

1966 Whai is sulphuric acid or oil of vitriol r 

It 18 a compound of sulphur and oxygen^ containing 
one-thii*d more oxygen than sulphurous acid. 

1967 Whai is sulphuretted hydrogen f 

, A gas formed by the union of sulphur and hydrogen. 
'It possesses an oflfensive odor, and is very poisonous. 

1968 How is sulphuretted hydrogen formed in nature t 

Principally from the decomposition of anhnal evh- 
stances^ as blood, flesh, hair, etc. 

1969 Why does the yolk of an egg tarnish a silver spoon f 

Because it contains a little sulph^ir^ which, at the 
temperature of an egg just boiled, will decompose tlie 
water or moisture upon the spoon, and produce siclr 
phuretted hydrogen gas^ which will tarnish silver. 

Both the white and the yolk contain sulphur, but the latter tlie most 
abundantly. 

I960 Whai is it that makes an open or foul sewer so destructive of 
health to any district m which it may he situated t 

The evolution of sulphuretted hydrogen. When in- 
haled, it acts dii-ectly upon the blooa, thickening it, 
and turning it black. 

19ei Why do surf aces painted with lead paints, in the vicinity ofsew- 
ers, soon turn black, or become discolored f 

Through the action of sulphuretted hydrogen. 

1968 WMt is nitric acid f 

Nitric acid, or aqua-fortis, is a compound of five 
parts of oxygen and one of nitrogen. 

It is a liquid ; when pure, colorless^ and highly corrosive ; it attacks al» 
most all dead, unorganized substances, and destroys living tissues. 

1963 Wfiat is muriatic, or, mare properly, hydrochloric acidf 

A compound of hydrogen and chlorine usually pre- 
pared from salt. It is an acid much used in the arts. 

1964 What is " lunar caustic ?" 

A compound of nitric acid and oxide of silver. 

1966 Why, when lunar caustic is applied io the flesh, does it bum and 
destroy it f 
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Tlirougli the agency of tlie nitric add contaiued in it. 

1Q€3 Do plants produce adds f 

Acids are formed in the vegetable kingdom in great 
abundance / they especially exist in uni'ipe fruits, im- 
parting to them a sour taste. 

Acids formed from mineral substances are called "mineral acids:'* 
acids formed by or from vegetable subsuinces are called " organic acids." 

1&&7 Why does tanning hides convert them into kaiher t 

Hides are steeped in water, with ground bark of tlie 
oak, hemlock, or otlier trees ; these barks contain large 
quantities of tannic a/nd^ which combines with the 
SKin of animals, and fonns a combination wliich is in- 
Bohible in water and not subject to putrefaction — viz. 
leather. 

1908 WhaJt is ordinary vinegar t 

An a^eidy called acetic add, and water. 

1069 If toine or beer be imperfectiy corked^ why does it rapidly turn 
sourt 

Because air gets into the liquor, and the oxygen of 
tlie air combinmg with the alcohol of the liquor pro- 
duces acetic acid, or vinegar. 

ie70 What is alcohol t 

Alcohol is the spirit existing in wine, beer, cider, 
etc., obtained in t/ie process qfjermentation. 

1971 What is a ferment f 

A ferment is a substance containing nitrogen in a 
state of decomposition^ which is able to excite fermen- 
tation in solutions of sugar; old cheese, putrefying 
flesh, blood, etc., all of them are ferments. 

lers What is yeast t 

We apply the term yeast to a particular species of, 
ferment ; the foam of teer (or of some similar liquor),' 
produced \ij fermentation, 

1©73 Can you explain why it is that a body in a state of fermentation 
or putrefaction should cause unlimited quantities of similar maiter to pa^s 
into the same state t 

. We only know the fact : the reason we are ignorant 
of Tlie most minute portion of milk, paste, juice of 
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grapes, fleah, or blood, in a state of fermentatiou or 
putrefaction, causes fresh milk, paste, ffrape juice, flesh, 
or blood, to pass into the same condition, when in con- 
tact with them. 

1074 In storing or packing fruit for future use why is it necessary tc 
^refuUy rerrtove every decayed specimen f 

Because the decayed portions of one specimen will 
iquickly communicate decay to the fresh fruit in contact 
•with it, and soon the whole mass of fruit will become 
putrescent. 

1976 If in a vesssl, or any other structure^ one Umber becomes decayed 
whai course ought to be adopted f 

It should be removed im^mediately^ or the decompo- 
sition once commenced will in time affect the whole 
structure. 

It sometimes happens that physicians, in dissection, are seriously poi- 
soned by the slightest cut of a knife which has been used upon tlie dead 
body. The knife introduces to the healthy blood, through the wound, 
a ininuie portion of matter in Vie state of decomposition or putrefaction. 
This acts as a ferment, and causes the healthy matter in contact with it 
to pass into the same decomposed state. The action once commenced 
rapidly extends, until the whole body becomes affected, and death ensues. 
It is almost impossible to heal wounds of this character. 

107s Why is it especially dangerous to eat fruit or meats partially 
decayed? 

Because the decayed portions of the substance eaten 
are liable to induce the sanhe condition in the healthy 
organs of the stomach with which they may come in 
contact. 

IS; 77 Why do fruit preserves frequently turn sour f 

Because, owing to the action of some fermenting 
substance present either in the fruits themselves or in 
the air, the sugar used in preserving is converted into 
alcohol^ and the alcohol into vinegar. 

1078 Why does (he housewife scald Tier preserved fruits to prevent (heir 
turning sour f 

Because fermenting substances and fermenting ac- 
tion are destroyed by a boiling temperature. 

1©79 Why do we keep preserves^ beer^ cider^ or other substances Uahle 
io turn sour, in a cool place f 

Because a depression of temperature arrests fermen* 
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tation, though it dues not prevent its renewal when the 
temperature is increased. 

1980 Whatis€i?ierf 

Ether is a product obtained by distilUna strong alco- 
hol and sulphuric acid. The product is called sul- 
phuric ether, but it does not contain sulphuric acid, 
uor has it any sulphur in its composition. 

) 1081 What are tJie properties of ether t 

It is an exceedingly volatile^ injlammahle body, pro- 
ducing insensibility when inhaled, and readily dis- 
solving all fatty and oily bodies. 

1983 Why will ether remove spots of oUj painty or grease from gar" 
tnerUsf 

Because it is a solvent for all greasy, oily matters. 

1983 WJiat are the best agents for depriving putrid and decaying 
animal and vegetable substances of their offensive odors t 

Chloride of lime is the most effectual agent; and 
chloride of zinc and sulphate of iron (green vitriol) are 
also exceedingly efficient. On a large scale, as in the 
sanatory cleansmg of towns, pulverized charcoal, burnt 
clay, and quicklime, are to be recommended. 

1984: What effect does the use of perfumes or the burning of pantiles 
have upon offensive odors t 

They merely disguise the odor, but do not remove or 
destroy it. 

1985 By adopting what precautions may a person safely enter sick 
roomSj or visits wiUwtU risk, the most dangerous receptacles offiJUh t 

By moistening a linen cloth with vinegar, and sprink- 
ling over it finely-powdered chloride of lime. 

Air breathed through this, applied to the mouth and nostrils, will enter 
the lungs charged with a minute quantity of chlorine, which will effec- 
tually destroy any noxious vapors or miasms that escape from diseased 
bodies, or from decaying animal and vegetable substances. 

198S Wfiat three conditions are requisite to produce putrefaction in 
animal and vegetable substances f 

It is neceesary that they should be exposed to the 
combined influence of air, heat, and moisture. 

1987 Why m a substance preserved from decay by drying, or by ths 
exclusion of air from it t 



808 SCIENCE OF COMMON THINGS. 

How BmoklDg preseryes meat. . What is albumen f 

Because bv so doing we remove the moisture and air 
essential to the process of decay. 

1S88 Why does ike smoking of fish or flesh contribute to their pre- 
tervatwn f 

Because the volatile matters of the smoke, such as 
creosote, pyroli^jneous acid, and the like, effect a 
species of cheimcal comhlnation with the fibre of the 
meat, and with the substances contained in tlie natural 
juices of the flesh, which combinations are less liable 
to decay than the substances themselves. 

1Q8Q Whai is aJStmnxnl 

Albumen is an animal svhstance as well as vegetahle. 
It exists most abundantly, and in its purest natural 
state, in the white of an egg^ from whence it derives its 
name {album ovi)^ which is the Latin for the white of 
an egg. 

The serum or fluid portion of the blood (which, after exposure to the 
air, is separated from tlve more solid part) the vitreous aud crystalliue 
humors of the eye, the brain, the spinal marrow, and nerves, all contain 
albumen. 

IQQO Whai is the yolk of an egg f 

This also consists of albumen^ but contains m addition 
a yellow oil, which imparts to it its color. 

1901 Why is meat tough which has been boiled loo long f 

Because the alhum^n becomes hard, like the white 
j>f a hard-boiled egg. 

The best way of boiling meat to make it tender is this : Put your joint 
In very brisk boiling water; after a few minutes add a little cold water. 
The boiling water will fix the albumen, which will prevent the watob 
from soaking into the meat, keep all its juices in, and prevent the 
muscular fibre from contracting. The addition of cold water will secure 
the cooking of the inside of the meat, as well as of the surface. 

ISOS Why is meai always tough if it be pvi into ike boiler before (he 
water boils f 

Because the water is not hot enough to coagulate the 
albumen between the muscular fibres of the meat, 
which there'fore runs into the water, and rises to tlic 
surface as scum. 

lOOQ Why is (he flash of old animals tough t 
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What is a poison f Arsenic. Certainty of its detection. 

Because it contains very little albumen, and mucli 
muscular fibre. 

1094 What is a poison t 

A poison is any agent capable of producing a dan- 
gerous effect upon anything endowed with life. 

199S In cases of poisoning by substances taken into the stomach, what 
course should be pursued^ in the absence of medical attendance f 

The first step is to evacuate the stomach by means 
of powerful emetics, and when vomiting has taken 
place, warm water and the white of eggs may almost 
always be given with advantage. 

199 S Can poisons admimstered for criming purposes he almost 
certainly detected t 

They can; chemical science within the last few 
years has made such advances, that the most minute 
quantities of all the best known poisons can be detected 
with certainty long after death. 

There is no poison so liable and certain to be found as arsenic, and in 
almost every case of poisoning with mineral poisons, science is enabled to 
detect the substance, even when hfe has been extinct for years, and the 
body nearly decomposed. 

1997 Wh^ is arsenic f 

Metallic arsenic is an exceedingly hritUe metal^ of a 
steel-grey color. It vaporizes, when heated, with a 
strong odor of garlic, a property not possessed by any 
other metal. 

The substance used as poison, and sometimes known as ratsbane, is 
arsenious acid, a compound of arsenic and oxygen. Arsenlous acid has 
the form and appearance of a fine white powder. 

1998 What is the best remedy in cases of poisoning with arsenic f 

The hydrated peroxide of iron (iron rust)* is con- 
sidered the best remedy. 

1999 Is lead a poison f 

m 

* The following is the best method for preparing this substance: 
fake common copperas (sulphate of iron) four ounces ; dissolve in warm 
water in a glass, or porcelain dish, and add a small quantity of sulphuric 
Acid, and afterwards ammonia solution, so long as a dense red precipitate 
is formed. TJhis precipitate carefully strained off, and thoroughly washed 
in a filter with water, is hydrated peroxide of iron. So long as kept 
jnoist, it may be preserved for a great length of time. 



310 SCIENCE OF COMMON THINGS. 

Lead pipes, bow poison water. Terdigri& Calomel- 

Lead and nearly all its compounds are dangerous and 
secret poisons ; when received into the system, it fre- 
quently remains dormant for years, and then suddenly 
manifests itself in various forms of disease. 

2000 Wliat is Vie disease called ^''painters' colic ?" 

A disease to wliich painters and others worJcina in 
lead are liable^ in consequence of receiving into their 
system, imperceptibly, portions of lead. 

SOOl Is it dangerous to sleep in, or brecUhe (he air of, a room newly 
painted with paints containing lead f 

It is hiahly dangerous^ since the air is filled with a 
vapor of the lead compound used as paint. 

SOOS Why are soTne waiers, when conveyed through lead pipe, 
poisonous f 

Waters which are very pure and contain much oxygen 
dissolved in them ; waters which contain nitric acid 
compounds, such as those flowing from the vicinity of 
barn-yards, manure heaps, and those wliich contain 
cmnirum salt or organic matter^ ^ water flowing froxii 
swamps and fields; watere containing soluble car- 
honates — all dissolve lead from the pipes through 
which they may be made to pass Constant use of 
such waters, in the process of time, will introduce suffi- 
cient lead into the system to produce disease, which is 
often attributed to other causes. 

2003 What is verdigris f 

Verdigris is a compound of copper, oxygen, and 
acetic acid. Tliis, and aU the compounds of copper, are 
very poisonous. The most efficacious antidotes for 
poisoning with copper are, white of eggs and milk. 

SOO'^ What is calomel t 

It IS a compound of two parts of mercury united to 
one of chlonne^ forming the sub-chloride of mercury. 
The preparation commonly known in medicine a$ " blue 
pill, is a preparation of mercury. 

SOOS What is corrosive svhlimcde f 

A compound of mercury amd chlorine united in equal 
proportions, forming the perchloride of mercury. 
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Preservation of wood. Miasm. Contagion. 

8006 Are both these compounds^ cahmd and corrosive suhUmaU, 
poisons f 

Tliey ai'e ; corrosive sublimate, especially, is a most 
deadly poison. In case of poisoning by it, the most 
effectual antidote is white of eggs. 

S007 What is the process of preserving wood from decay y commonly 
termed " kyanizing t " 

It consists in saturating the fibres of the wood with 
a solution of corrosive swlimate. 

Poisonous substances, and corrosive sublimate especially, have the pro^ 
perty of protecting animal and vegetable substances from decay. Tlie 
skins of stuffed birds and animals, and the plants of a herbarium, may be 
protected from insects and decay, by washing them with a solution of cor- 
rosive sublimate. It should not, however, be forgotten, that these sub- 
stances by such treatment become themselves poisonous. 

2008 Whai is contagion t 

We apply the term contagion to that subtle matter 
which proceeds from a diseased person or hody^ and 
which communicates the disease to another person or 
body. 

Contagion differs from miasm in being the product of disease, and in 
reproducing itselt 

SOOO Whai is miasm or miasmaial 

Miasm or miasmata is the product of the decay or 
jmtrefaction of animal or vegetahle substances^ and 
causes disease without being itself reproduced. 

Contagion occasions disease in the same way that yeast excites fermen- 
tation. Miasm often acts, by its chemical properties merely, as a poison. 

SOlO Why are contagious diseases sometimes communicated to indi- 
viduals who me7'ely approach the vicinity of diseased persons^ but do not come 
in contact with or even see them t 

Because the air itself, which has been in contact with 
the diseased persons, carries with it the seeds or germs 
of infection^ and thus communicates disease, sometimes 
at great distances. 

soil Why are not all persons affected alike when exposed to similar 
contagious diseases f 

Contagious matter is not capable of producing dis- 
ease, unLess a compound is present in the system capable 
of being decomposed by contact with the exciting body. 
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BnBceptibiUty to oontagion. Nntritiye valtle of food. 

~ ^—^—^ 

sold What do we mean hy ausceptihilUy to contagion t 

We mean that the blood of a person contains siih 
etances by the decomposition of whicli the exciting body 
or contagion can be reproduced. If these substances 
are not present, and if Uie system be perfectly healthy, 
contagion will fail to produce disease. 

S013 What is iJi£ relative nviriiive value of (he different kinds ofraeai 
MS food t 

The relative nutritive value of the different meats for 
food is as follows: hee/ is the most nutritwus ; then 
chicken^ porTc^ mutton^ and veal. 

2014 What varieties offish are the most nutritious f 

The haddock^ the herrings tlie salmon^ and the ed^ in 
order. 

2OI6 What vegetable of ordinary consumption is ih$ most nutritious t 

The cabbage. 
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A.B80BFTI01f of light, 261 

of heat, 172 
Abutment, what is an, 45 
Acetic ocia, 805 
Acids of plants, 805 
Acid, what is an, 808 
Action and reaction, explained, 28 

illustrations of^ 28 
Adhesion, what is, 12 
Adult, oxgyen respired by an, per hoar, 

209 
Aorolites, general appearance of^ 96 
definition of. 94 
velocity of, 95 
weight of. 95 
Affinity, what is, 193 
Air, always contains moistnre, 91 
in motion, 212 
breathed twice unwholesome, 205 
condensed by cold, 75 
currents ot, in an occupied room, 212 
exists in all water, 55 
expanded by heat, 75 

proof of, 75 
fresh, how much required per hour 

for breathing, 210 
heated, ascenc^ 204 

how proved, 206 
how ascends in chimneys, 215 
how escapes A'om the lungs, 72 
how heated and cooled, 7^ 75 
impenetrable, 68 
in motion, why feels cool, 158 

spring, why chilly, 18s 
necessary for the production of sound, 

71 
porous, 68 

atmospheric composition of, 68 
weight of; 69 

how proved, 69 
when rarefied, lO 
A.n>ui«en, in eggs, 80^ 



Albumen, in meat, 808 
what is. 808 
Alcohol, what is, 815 
Alkali, what is, 803 
Angle, definition ot^ 251 
Animals, change of color in winter cf^ 274 
color of arctic, 175 
distribution of; 142 
foretell changes in the weather, 

118 
the strongest, 88 
Apples, nnripe, why sour, 808 

when sour and when sweet, 803 
Aqueducts, principle of construction of, 50 
Aqna-fortis, what is, 804 
Architecture, defined, 41 

origin of the varieties of; 41 
Architrave, 47 
Arsenic, poisoning by, 809 

what is. 309 
Arch, what is, 48 

when invented, 48 
Ashes, how preserve a fire, 228 
Atmosphere, amount of carbonic acid gas 
in, 207 
height of, 70 
not invisible, 69 
pressure of; 71 
what is the, 69 
Atom, what is, 5 
Attraction, what is an, 11 
Aurora borealis, cause of, 287 
height of; 288 
occurs by day as well as 

by night, 289 
utility of, 289 
what is, 287 
where seen, 287 
Avoirdupois weight, origiu ot, 20 
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Ball, elastic, why rebounds, 28 
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Balostora, what are, 49 

Ballwin, why rises in the air, IS 

Bnrk, how especinlly adapted as a ooyer^ 

ins; for trees, 157 
Barometer, construction of^ 102, 103 

heat and cold no effect on, 118 
how differs from a thermo- 
meter, 104 
how invented, 101, 102 
tube, whv left open, 104 
use of, for determining the 
state of the weather, 102 
Base of a column, 46 
Battery, galvanic, 291 

poles of, 292 
Beams, strength or in different positions, 

86 
Bed coverings, the warmest, 218 

india-rubber, why not used 
for, 218 
father, safe plaice in a thnnder storm, 
288 
Beer, why tnms sour, 806 
Bell, cracked, why discordant, 119 
mctai, comi)osition of, 116 
sound oi^ stopped by touching it, 118 
Bellows, use of in kindling a fire, 229 
Birds, how enabled to fly, 26 

why stretch out their necks In fly- 
ing, 27 
Black, the absence of color, not a color, 
270 
why some bodies are, 270 
Blankets, why warm, 148 
Blood, arterial and venous, 287 

color of, 287 
how affected by oxygen, 205 
Blowers, of grates, &c., use of, 217 
Boats, life, how prevented from sinking, 

Body, a, how fiir it can &11 in one second, 
23 
what is a, 4 
Boiling point, influence of atmospheric 
pressure on, 157, 168 
of a liquid, 155 
Bones, hollow cylinders, 87 
Boots, why cannot a man raise himself by 

pulling on the straps of, 28 
Bottle, why gurgles, 78 
Bottles of ale aiid cider, why frequently 

burst, 74 
Bouquets, arrangement of flowers in, 278 
Breakers, what are, 61 
Breath, why visible in winter, and not in 

summer, 89 
Breathing on glass, why dulls it, 88 

whv difticult at a very high 
elevation, 72 
Bricks, burned, why red, 39 

why used for lining stoves and fiir 
naces, 151 
Broth, coolod by con vection. 159 
Bubbles, air, in ice, orisrin or, 173 

in a tea-cu]), liow attracted, 14 
on leaves of water plants, what 
are they, 286 ! 

•oap, why ascend, 56 



Building, pTOi>erties of a good, 41 
Buildings, principle of wanning and ven- 
tilating, 204 
Burning point, what is, 222 
Burns on the skin affect respiration, 235 
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Calomel, what Is, 810 
Caloric, meaning of term, 181 
Candle, why burns when lighted, 281 • 
Cannon, distances to which they can send 
a ball, 35 
varieties of, 85 
Capillary attraction deflned, 65 
vessels, action of, 237 
what are they, 236 
Capital of a column, 46 
Carbon, more thrown off from the system 
in winter than in summer, 240 
what is, 224 
Carbonic acid, sources ot, 212 
gas, 206 

a poison, 207 
where found, 206 
Cat, ftir of^ why sparkles in cold weather, 

278 
Cats, why see in the dark, 267 
Cellars, why cool in the summer, 151 
warm in the winter, 151 
Cement, definition of, 38 
Cements, hydraulic, 89 
Centrifugal force, 28 

Illustrations of, 23, 24 
Chalybeate waters, 54 
Champagne, why sparkles, 78 
Charcoal, how made, 224, 225 
what is, 224 
why black, 261 
Chemistry, familiar, 802 
Childruu, why difiicult to learn to walk, 

lo 
Chimney, Are In, how extinguished, 230 
Chimneys, how quicken the ascent of hot 
air, 215 
of manufactories, why usually 

very^ long, 215 
principles of construction ot 

216 
smoke under what circumstan- 
ces, 216 
Choke-damp, what is, 211 
Church, crowded, persons In feel drowsy, 

210 
Circuit, galvanic, 292 
Cities, air >f^ less pure than the country, 

210 
Cleanliness, necessitv of, 238 
Climate, meaning of the term, 104 
Climates, peculiarities of, 104 

temperature o^ coloration pecu- 
liar to, 271 
Clock, common, what is a, 29 
Clocks, why go faster in winter than ii 

the summer, 80 
Clothing, contains no warmth in itself 
162 
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Clothing, liow makes ns wftrm, 147 

use of, 148 
Clouds and fog, difference between, 88 
Clouds, cause of their Tarious shapes and 
appearances, 85 
color ot, 85 

distance above the earth, 84 
size of^ 84 

sunset, why colored, 86 
what are, 88 
when high and low, 83 
^al, anthracite, 225 
bituminous, 225 
deposits, extent of, 227 
mineral, origin of, 225 

procluced from vegetable 
matter, 225 
Cohesive attraction, 11 

illustrations of^ 12 
Cold, greatest artificial, 134 
natural, 184 
how occasioned by wet clothes, 197 
what is, 180 
Color, does not exist In the dark, 270 

influence of, on the deposition of 
dew, 168 
Colon, artiflcUil, why &de in the sun, 271 
' dark, optical effects of, upon the 
size of the figure, 273 
light, effect of; 274 
dmcl vantages of a dress of uniform, 

273 
most conspicuous in battle, 274 
peculiar to arctic regions, 272 
seven primarv, 255 
warmest for dresses, 175 
Columns, why larger at the bottom than 

at the top, 42 
Combustion, a process of oxidation, 220 
chemical action of, 221 
essential requisites o^ 221 
spontaneous, illustrations ofl 

230 
what is, 220 
Compass, does not always point north and 
south, 297 
mariner's, 279 

how constructed, 297 
when discovered, 297 
Compasses, shlps\ how affected by light- 
ning, 299 
Compressibility, 6 
Concord and discord, what are, 120 
Contagion, susceptibility to, 310 

what is, 311 
Convection of heat^ 153 
Copper, poisonous effects ol^ 810 
Cornea, effect of flattening, 265 

of the eye, 263 
Cornice, what is a, 47, 48 
Corrosive-sublimate, what is, 810 
Coughing, what is, 122 
Cmintries, least cloudy, 103 
most cloudy, 107 
some, why destitute of rain, 
110 
CowL use of, upon a chimney, 216 
Cmmii. why rises upon milk, 64 






Crying, what is, 128 

Cultivation, how increases the warmth of 

a country. 193 
Curtain, benind a pulpit, influence of on 

sound, 126 
Cylinder, strengtn of a, 36 



Dead body, why cold, 288 

Decay in substances, how occasioned and 

promoted, 806 
Density, what is, 6 
Diseases, when contagious, 811 
Dew ana rain, difference between, 163 
Dew, cause of, 164 

deposited most readily on clear 

nights, 163 
does not fall, 163 
does not form on exposed parts of 

the human body, reason of, 170 
falls abundantly on cultivated soils, 

166 
none on a windy night, 164 
none on cloudy nights, 163 
phenomenon o^ 1^ 
rarely observed in cities, 163 
when converted into frost, 168 
when most copious, 166 
why more abundant on some sub- 
stances than others, 164 
why rolls in drops on leaves, 169 
Dewdrop, why round, 168 
Diamond, cause of its brilliancy, 256 
Disinfecting agents, 807 
Distillation, how effected, 196 

what is, 195 
Divisibility of matter, 6 
Doors, why shrink in dry weather, 199 
swell in damp weather, 199 
Dovetailing, what is, 44 
Draining lands, promotes warmth, 198 
Draught of air. occasion of; 214 
a cnimney, 214 
stove, 214 
when there is none, 215 
Dress, arrangement of colors in, 272, 273 
Dresses, white, why adapted for summer, 

172 
Drum, why sounds, 121 
Drying and distilling, difference between, 

196 
Ducks, why not mode wet with water, 

169 
Ductility, 11 
Dust, how expelled fVom a coat or carpet 

by beating, 26 
Dunghill, cause of the heat of, 229 
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Ear, construction of, 115 
drum of, 114 « 

Earthen vessels, why crack in cold wea» 

ther, 180 
Earth, heat of; 186 
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Knrth, how proved U* be In motion, 22 
IMtl<>s (>r, 296 
leiiilK'nituro o^ influcnco on the 

distribution of animals, 142 
why iiiiicle cohler aftor Hunsct, 162 
KarthquulcoH, probable cauoe of, 186 
Kbullition, M-hat is, 155 
£chu, di.stjinei' nece&iary to produce, 125 
what is, 124 

why s«>iiu'tiuios double, 125 
how produced, 124 
where heard iu greatest perfection, 
124 
Edge, straight, 245 
EeU electrical, 279 
Elastic bodies, what are, 8 
iiUectricitj, 275 

and lightning, identity of, 2S5 

how proved, 2S5 

connection of light and heat, 

278 
conductors of^ 276 
galvanic, greatest quantity, 

how excited, 292 
galvanic of two Ivinds, posi- 
tive and ne^tivc, 291 
how called into action, 275 
how excited by rubbing the 

furofacat,278 
Invisible, 275 

natural agents active in pro- 
ducing, 279 
non-conductors of, 277 
of muscular action, 279 
positive and negative, 278 
produces heat, i'SQ 
velocity of, 273 
Electric cloud, discharge of, 280 
Electrical machines, how constructed, 277 

repulsion, 276 
Electrified and non-electrifled bodies, 276 
Electro-magnetism, what is, 299 

when and how dis- 
covered, 299 
metallurgy, 294 

principles of^ 294 
Electrotype process, 294 
Entablature, 47 

Equinoxial storm, does it occur, 112 
Esquimaux, why fond of oil and fat, 280 
Ether, how removes grease, 807 

what is, 807 
Evaporation, daily amount from the sea, 
110 
effects of, 197 
phenomena of, 195 
Eye, human, structure of, 262 
muscles of, 262 
parte of, 263 
retina of, 268 

pained by sudden liarht, 266 
pressure on, occasions the sensation 
of liarht, 26S 
Eyes, do not see alike with both, 263 
Eyebrows, use of,'266 
Eyelashes, use of, 266 
Exertion, disagreeable is hot weather, 
why, 240 



Exercise why makos us warm, 288 
Expansion by heat, 176 
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Falling bodies, laws of, 29 

Fan, a, does not cool the air, 174 

Fanning the face, why cools, 173 

utility of, 174 
Far-sightedness, ctuise of, 265 

how remedied, 265 
Fat people, why throw back their shook 

ders, 17 
Feathers, why called light, 6 
Feather, how attracts the earth, 14 
Ferment, what is a, 805 . 
Fermentation, how induced by yeast, 805 
Fizure, 5 

Filtration, principles of^ 7 
Fire, benefit of stirring a dull, 230 
caused by friction, 189 
heat of, cause of, 229 
intensity de])ends on what, 280 
reflection of, in our windows, 250 
what is, 222 

why feels hot as we approjujh it, 161 
why placed near the floor of a room, 

160 
in the ni^ht, why difficult to judge of 

the distance of, 269 
places, open, advantages of, 219 * 
not economical, 218 
Flame, candle, hottest part o^ 232 
color of, 281 

luminosity, depends on what, 222 
of a lamp or candle, analysis ot, 

282 
of a candle, why points upwards, 

282 
solid particles in, 222 
what is, 222 

when will it smoke, 223 
Flames, why all m>t equally luminous, 281 
Flues of stoves, why covered with black- 
lead, 162 
Flannel, how preserves ice from melting, 

143 
Fluids, laws and phenomena ot^ 49 

two classes of, 49 
Fl3ring, how diff'ers from leaping, 26 
Forced what is, 22 
Food, hot, cooled by blowing, 159 

the fuel ofthe body, 288 
Fogs, cause of, 84 

when and where occur, 90 
why does not become dew, 89 
Franklin s, Dr, theory of electricity, 277 
Friction, what is, 22 

action of in exciting electnoSty, 
275 
Frieze, in architecture, 47 
Frost, hoar, what is, 187 

rare under trees and shrubs, 
185 
how a thin covering protects plants 

from, 167 
readers the earth friable, 184 
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Frost-work on windows, canse of, 185 
Fruit, precautions to be u:>ed'in imclciDg, 

806 
Fuel, elements of, 228 

perff ct combustion of, how attained, 
220 
Furnaces, hot air, how constructed, 219 
Furs, why used for clothing, 147 
Fumigation, 807 
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Oalvanism, how discovered, 289 
produced, 290 
simple experiment iUostrat* 

ing, 290 
what is, 289 
Oalvani, discovers galvanic electricity, 290 
Galvanic battery, ordinary effects of, 298 
Gas, what is a, 8 
Gases, law of diffusion of, 207 

not all invisible, 63 
Glacier, what is a, 106 
Glaciers, where occur, 106 
Glass, burning, a double convex lens, 260 

ground for shades, use of^ 288 
Glasses, burning, 131 
Gold, melting poiiit of, 135 
Gothic architecture, origin of, 45 
Grain-weigl.t, origin and construction of, 

20 
Grapes, ripe, why sweet, 808 
Gross, grown in the dark, of a light color, 

272 
Gravitation, what is, 18 
Gravity, centre o^ 15 

illustrations of the laws and prin- 
ciples of, 16, 16 
Greasing carriage wheels, use o^ 140 
Greasy food, wny relished in cold wea- 
ther, 239 
Green colors suited to fair complexions, 

273 
Grindstones, In rapid motion why often 

burst, 28 
Gun, essential properties of, 85 

how we take aim with a, 244 
Gunpowder, composition ot, 84 
power of, 84 

when and how discovered, 
85 



Habitations, probable form of the first 

human, 41 
ITnil, what is, and how formed, 94 
Hair, use of in mortar, 40. 
llall!*, for speaking, how constructed, 126 
Hardness, what 1:^ 10 
Headache, how produced by bad air, 209 
Hearth-rugs, why feel warm, l45 
stone, why feel cold, 145 
Heat and cold, sensations of, 181 

animal, cause of. 236 

best conductors ol^ 144 



Heat, effects on the dissolving power o! 
liquids, 194 
effects of, 181 
effects of, on the bulk of some 

liquids, 17S 
expands all bodies, 176 

illustrations of, 177 
has no weight, 130 
how communicated, 143 

illustrations of, 4 
how diffused, 180 
how evolved by combustion, 221 
how measured, 187 
good absorbers of, not good rcflecti 

ors,171 
greatest artificial, how produced, 293 
gi'catest artificial, how measured, 

134 
illustrations of radiation of, 161, 

162 
in ice, 180 
latent, what is, 188 
occasioned by chemical action, il- 
lustrations of, 187 
of the sun, 132 
produced by friction, 140 
radiant, 160 
rays of, 171 
reflection of, 171 
solar, extends below tho carth*s snr* 

face how far, 136 
sources of, 132 

sun's differs from artificial, 133 
velocity of transmission in dillercnt 

substances, illustrations of, 144 
vital, illustrations of, 141 
what is, 129 
Health injured by reduction of the tempe- 
rature of the body, 198 
Height from which a body falls, how cal- 
culated, 29 
Hiccough, what is, 128 
Hides, how converted into leather by tan- 
ning, 305 
Horizon, what Is, 269 
Horse-shoe magnets, 298 
Horse-power, what is, 33 
House, part most dangerous in a thunder 

storm, 282 
House, haunted, origin of stories concerns 

ing, 128 
Hurricane, what is a, 80, 81 
Hurricanes, where prevail, 80 
Huts, first form of human habitations, 

41 
Hydrochloric acid, 804 
Hydrogen gas, its properties, 224 

the lightest of all bodies, 63 
sulphuretted, 304 
how formed, 804 
what is, 224 
Hydrostatics, definition of, 49 



Ice, "anchor,'' what is, 179 



u* 



318 



INDEX. 



Io4*, fbicttireA In regular lines and aoglesi 

heat of, 190 
whnt Ls 179 

w)iy tlouU) upon water, 03 
why iiicltoil hv the &un, 196 
Icebergs, h<'i)eht n^ 106 

li>w foriiH'd, 106 
In1lyion^ optical, 268 
lumf(f8 all appear Inverted in water, 2S46 
Impenetrability, 4 
I ncan<le8cence, what is, 181 
Incidence, line and angle of, 246 
Induction in magnutism, 296 
Inertia, illuHtrations of^ 10 
Inertia, what is, 9 

InsectA, how occasion sounds, 128, 124 
Instruuient, stringed, uae of the body of^ 

117 
Ionic order of architecture, 45 
Iris of the eye, 268. 
Iron, how mode hot by strikingi 188 
meteoric, 96 
where foand, 96 
why sinks in water, 62 
why stronger than wood, 13 



Kettle, why heat is not applied at the top 

why sometimes boils over, 156 
Eyanizing, what is, 811 



Lakes, some never fW)zen, 183 
Lamps, closed, use of a hole in the top, 
233 
gas generated by, 208 
ttinoKes, occasion of, 228 
solar and astral, how constructed, 

223 
wicks, cotton best adapted for, 
66 
Land, configuration of^ effect on tempe- 
rature, 107 
Latent heat, what is, 188 
Larynx, 122 
Laundress, why boils starch, 802 

why touches a flat-iron with 
saliva, 195 
Laughing, what is, 123 
Lead, a i>oison, 810 

wnv called heavy, 6 
Leather, how made, 805 
Leaves, of plants, how radiate heat, 165 
of plants, why green, 271 
why brown in autumn, 271 
Lens, double convex, 260 

what is a, 260 
Lenses, different varieties of, 260 
Lifitit, absorption of, 261 

irtiflcial, on what depends, 281 



Light, chief sonrcei of, 241 
how propagated, 244 
intense, wby causes pain to th« 

eye, 266 
most splendid artificial, how pro- 
duced, 293 
moves in straight lines, 244 
of the sun, how much intercepted 

by the atmosphere, 261 
possesses no weight, 241 
ray of, when reflected, 244, 245 
refraction of, 254 

the same quantity not reflected at 
all angles, illustrations of this 
principle. 24S 
velocity of, how estimated; illus- 
trations o^ 242, 243 
what is, 241 

white, composition oC 255 
why, when it is cloudy, 252 
zodiacal, 97 
Lightning clouds, height above the earth, 
280 
conductors, best materials for, 

2S4 
different kinds of; 280 
direction of a flash of, 281 
does not follow a direct path, 

2S4 
heat, cause o^ 281 
how kills persons, 281 « 
rod, what is a, 284 
rods, how fastened to buildings, 
285 
how protect houses, 2S4 
when productive of harm, 

284 
why terminate in points, 

sheet, 280 
what is, 280 

why most common in summer, 
281 

Lights, Northern, 287, 288 
Lime, chloride of, 807 
quick, 38 

absorbs carbpnic acid, 212 
slacked, 88 

water poured on occasions heat, 
how, 187 
Linen handkerchief^ why prefen^d to a 

cotton one, 149 
Linen, how dried by exposure to the air, 
198 
why cooler than cotton, 149 
Liquefaction, 192 • 
Liquid, what is a, 8 
Liquids, how to cool, 155 

Impart no additional heat after 
they boil, 157 
Liquors, frothing, cause of, 74 
Loadstone, what is a, 295 

why so called, 295 
Loudness, of sound, on what depends, 118 
Lunar caustic, 304 
Lungs, description of, 234 
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MftchtTK^s, advantages of, 81 
MucbiQf and a tool, difference between, 
81 
what la a, 81 
Machinery does not create poAver, 81 
Hagnct, <iirective iwwer ()f, 29G 

vhat occurti when one is broken, 
293 
Magnets, horse-shoe, 293 

how constrncted, 297 
natural, where found, 295 
weights, great, lifted by, 300 
Magnetism, communicated by contact, 
295 
connection with electricity, 
295 
Malleability, 11 

Man alone capable of enduring all tempe- 
raturea, 143 
method in which he can exert the 

greatest etren^h, 88 
on a church spire, why seems very 

small, 251 
shrinks when starved, 283 
Maps, coast survey, how produced, 294 
Masticli, or mastic, 40 
Matches, how ignited by friction, 141 — 
Materials, strength of^ 80 

illustrations of, 86 
Matter deflned, 8 

evidence of its existence, 8 
limits to the division of, 5 
particle of, 5 
proi^crties of, 4 

the strongest form in which it can 
be arranged, 8d, 87 
Miasm, or miasmata, 811 
Milk boils more readily than water, 155 
Mirror, how we see ourselves in a, 245 

why images appear behind a, 247 
Mirrors, 245 

Mist and fog, distinction between, 89 
Meat, how preserve<1 by smoking, 808 

when tough, 803 
Medicines, prescription by drops nnsafe, 

12 
Mercury, freezes at what temperature, 
191 
of a barometer, why sinks in fine 

weather, 104 
when freezes, 184 
Metals, why melted by fire, 192 
Meteorites, how supposed to originate, 96 

what are, 94 
Meteorology, what is, 74 
Mist and fog, why vanish at snnrlse, 164 
Mist, on windows, cause of, S7 
Mixture and solution, difference between, 

198 
Moon, light of, seems to make a path in 
the water, 249 
influence of, on the weather. 111 
light, how occasions putrefaction, 

why appears lai^ cm the horieon, 
268 



Moon, why seems a flat surface, .251 

why seems larger than the starSi 

Mortar, why beccwnes hard, 83 
Mortars, coini>osition of, 88 
Mortising, what is, 42 
Motion, 22 

Mountains, distant, why appear blue^ 
69 
high, Avhy covered with snow, 
105 
Mountain tons, Avhy cold, 172 
Muriatic aciu, 804 
Muscular energy, how exerted, 83 
Music, scale oC 121 

Musical instruments. Low occasion sound, 
* 121 
sounds, M'hat are, 120 
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Nails in old houses, why loose, 187 
NearHsightedness, cause of, 264 

how remedied, 265 
Needle, magnetic, 296 
Negro's skin never blisters frvm the snii, 

174 
Nitric acid, 804 

Nitrogen, its properties and uses, 205 
what is, 205 



Objects how we Judge of the size and 

position of; 250 
Ocean, colors of animals in, 272 

depth to which light penetrates, 

261 
Odors, 807 

Oersted, Prof, bis discovery, 299 
Oil and water, why not mix, 193 
Opaque bo<lies, 261 
Onlers in architecture, 45 
Owls, why see in the dark, 267 
Oxygen, how much required per hour, 
209 

Its properties and uses, 205 

what is, 205 
Oxidation, what is, 220 



Paint, in the vicinity of sewers, why dis- 
colored, 804 
how preserves wood, 152 
Paints, lead, when danserous, 810 
Pax)er, blotting, why absorbs ink, 66 

writing, why will not absorb ink, 
66 
Paste, adhesiveness due to what, 803 
Pedestal, what is a, 46 
Pendulums, compensating, 1S7 

lenscth of, that beuts seconds, 

29 
what is a, 89 



820 



INDEX. 



Persona, why many, sec tho Sttmc object Bain, none if the air be dry, 104 



at the (uun'e time. S44 
Penietual mutiun in nature, 28 
in.stancc of^ 28 
Perspiration, insensible, wbut is, 89 

why caused by active eser- 
tiuu,2S9 
Pilasters, what are, 45 
Pile, wbut is a, 42 

Pipes, lead, how affected by water, 810 
water, why liable to burbt in frecz- 
iui$, 181 
Pisa, loaning tower of, 17 
Pluuote, how give lijfht, 242 
Planus how purify the water, 286 

respire as well as aniiiials,^35 
water, lilM?mte oxygen, 286^ 



Platina, tho heaviest auostonoe known, 

G2 
Plastic bodies, what are, 9 
Plinth of a column, 46 
Pneumatics, what i\4Q 
Poison, what is a, 809 
Poisoning, what to do in cases of^ 800 
I'oles of a galvanic battery, 292 
Pores of a body, 6 
Portico, what is a, 45 
Potatoes, frozen, why sweet, 808 
PotAtcji, starch constitutes the balk ot^ 802 
Power, how we apply It, 81 

horse, 88 

of gunpowder, 84 

sources of^ 82 

steam, 84 

water, 88 
I^reserves, why turn sonr, 806 
Prism, how separates a ray of light, 255 
Pump, chain, what is, 100 

common, 98 

forcing, construction of^ 100 

height to which water may be 
raised by, 99 

why water rises In, 100 
Pupil of the eye, 268 

contracts by a sudden 
light, 266 
Putrefaction, canses of, 807 
Putty, what is, 40 
Pyrometers, how constructed, 191 



origin of, 91 

water, why called soft, 56 
whore most abundant, 103 
why cooler after, 199 * 
why fulls in droits, 91 
yearly amount falling in different 
parts of the eartli, lud 
Sainbow, fonnation of, 257 

when seen, 257 
Lwainbows at waterfalls, 253 

double, when seen, 253 
no two persons see the same, 
253 
Kain-gaugo, what is a, 109 
! Ited rays of light possess the greatest heaU 
I ing effect, 272 



Q 

Quadruped, never raises both feet 

side at once, 17 
Quadrupeds, why swim easier than 

63 
Quick Ihne, what is, 88 
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KadiatoTS, good, of heat, 161 
Badiation, 1(J0 

of iieat, on what depends, 
Kain drolls, form of. 169 

why spheres, 160 
how UM3asure<I, 109 



Beflection, line and angle of; 246 

of light, 245 
Beflectors of heat, what are good, 171 
Befraagibility, 86 
Bcfraction of light, 254 
Bemedies for poisons, 809, 810 
Bepulsion, what is, 11 
Besonance, what is, 125 
Bespiration a form of combustion, 234 
object of; 234 
what is, 233 
Betinaoftheeye, 268 
Botort, what is a, 195 
Bide, ailvantages of; oyer a mnskct, 85 
Biver, always seems more shallow than it 
is, 255 
bottom, rarely frozen, 181 
part in which the water mns most 
rapidly, 50 
Bocks and stones retain moisture, 107 

cause of their rounded and weather- 
worn appearance, 179 
why often split in cold weather, 

Boman cement, 89 

Boom, air of; how affected by a cnrrenL 
209 

coolest part o^ 117 

hottest part oi; 217 
Bose, why retl, 270 
Bust, what is, 222 
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Salt, how dissolves Ice, 184 
on a lakes, origin of, 53 

utility of, in the ocean, 53 
man,iSand, best suited for mortar, 89 

Savages, how hear by placing the ear doM 

with ground, 117 
Scarfing and interlocking, 43 
Sea breeze, Avhy cool, 79 

effect of, on temiKJvature, 107 
rarely freezes, IbJJ 

water, why freezes leas readily than 
fVesh water, 135 
161 why not full, 199 

why salt, 47 
vai>or of; not salt, 199 
Seasons, alteruuliuu elf wunn and eold, 112 
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nccinflf, Rc^nRO ot how oxortcd, 241 jSonnds, when flat, 121 

btiimc^ nuinbiT of, 3 why seem louder in a church than 

what are thoy, 8 ' io a (tlain, 12S 

Sewers, foul, why destructive to health, Sonp, why koei>8 hot longer than water. 



804 

Shade, why cool in the summer, 150 
why objects seem dark in, 252 
Shadow, what IS a, 244 
Shaft of a column, 46 
Sheets of a bod whv fccl cold, and the 

blankets M'ann, 152 
Ship at sea, why the moats arc seen before 

the hull, 258 
Ships, iron, why do not sink, 65 
Shoes, hotter for being dusty, 172 
Skull, the fbnu of the, embodies the prin- 

ciples of the nrch, 44 | 

Sight, difficult after leaving a lighted room 

and going into the doik, 266 
Size, 4 



158 

Sparks of Are, what arc, 7 
Spociflc giavity defined, 62 
Spoctacles best suited for ohl pconlr, 265 
b|;ucn, metal, bow retards the boiling of a 
kettle, 150 
why tarnishod by the yolk of eggs, 
3U4 
Spray of waves, causes of, 61 
Springs, effect of drainnsre ufion, 58 
Stones for building, how~ to estimate their 
durability, 4S 
building, action of the weather 
ou, 4^ 
why lifted easier in water than on 
land, 65 



Skotinff swiftly over thin ice, effect of, 27 Stove, advantages over an open fireplace, 
Skin, cleanliness essential to the healthy 219 



action of, 237 
Sky, why api)cars blue, 271 
Sleet, what is, 92 
Smoke, what is, 218 

why ascends, 18 
Smoking, how praservcs meat, 808 
Sneezing, what is, 128 
Snow, at the foot of a wall, why 
rapidly, 161 
flake,<how formed, 93 
heat of, how shown, 138 
how diminishes the darkness 
night, 270 



how protects the surface of the earth 

in winter, 92, 98 
melting absorbs heat, 133 
various colors of, 94 
what is, 92 

why none in summer, 93 
white;, 98 
Soap-bubble, ongin of colors in, 259 
Soap, utility of in washing, 57 
Soil, a bad conductor of heat, 186 
effects of on temperature, 107 
Solid, what is a, S 
Solution, what is a, 198 

when saturated, 198 
Sonorous bodies, what are, 116 
Soot, smell of, why sometimes noticed in 

a room, 216 
tound, air necessary for the production 
of, 71 
best conductors of, 120 



disadvantfl&ros of, 219 
why crackK's in cooling, 186 
why crackles when a mrc is kindled 
in It, 186 
Stones, why not suitable for fuel, 226 
Straw, use of, in the Egyptian bricks, 40 
StriiK's, effect of, in dresses, 279 
molts Stucco, what is, 39 

Sucker, the common, 72 
Suction, height to which water may bo 
raised by, 98 
of I Suffocation, how occurs, 188 
{Sugar and salt, how flavor water, 67 



salt, &c, retard boiling, 157 
Sulphur, product of when burned, 893 
Sulphureous acid, S03 
Sulphuric acid, 304 
Summer, Indian, haziness of, 87 
Sun, seen through a fog apficars red, S7 
the, a source of bcxit, 132 
weight oo the surlhce of^ 19 
why appears large on the horizon, 2G9 
Snn^s heat, why greater in some portions 

of the earth thaji in others, 133 
Sunbeam, motes floating in, what arc, IGO 
Sunset, red, cause of^ 86 
Surf, what is, 61 
Surfhces, some, why brilliant, 242 

dull, 242 

Swimmers, unskilful, why sink, 68 
Swimming why easier in salt than in flneah 
water, 68 
philosophy of, 68 



how obstructed by fogs, rain, &c. Springs in ponds prevent A-eezing, 168 



119 

how iiroduced, 114 
louder by night than by day, 119 
not heard alike by all persons, 120 
velocity of, US 
Aomds, musical, what are, 120 

oridn and transmission of, 114 
reflection oi, 124 
transmissicn of by solids, 117 
vibrations, to what compared. 117 
vibrations in solids, how renucred 

vUible, 118 - 



niin<>raL, cause ijty 54 

origin of, 51 

why cool in snmmer, 160 

why often foil in dry weather, 51 
Sprinkling a hot room how cools it, 198 
Squinting, occasion ol^ 26S 

occasions double vision, 267 
Starch, how manufhctured, 802 

may be converted into sugar, 803 

what is, 802 

why necessary to boll before using; 
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BUn, sbootliig, 96 

occar periodically, 97 
why not vbible in the daytime, 
944 
Starvation, process of, 239 

what is, 2:}5 
Bteam, biillc of, compared with water, 801 
how much lighter than water, 

900 
enfdne, what is a, 209 
high pressure, 209 
how used f<»r coulcery, 209 
invisible, 107 
its elasticity, 201 
lighter than air, 63 
mechanical force <tf, 208 

illustrations oi; 908 
parts of a boiler where first formed, 

900 
power of, on what depends, 201 
visible appearance how caused, 

900 
what is trne, 900 
Btems of grain-plants, why hollow tubes, 

87 
Btick immersed in water, why seems bro 

ken, 954 
Still, construction of^ 191 



Telegraph, Influence how transmitted by, 
to convey intelligence, 801 
magnetic, Morse's, principle 

of; 800, 801 

wire, why supported on glass, 

801 

Telegraphic current, what is meant by, 

801 

Telescopss, construction and use oi; 952, 
258 
why enable us to see distant 
oWcts, 958 
Temperature, effect of the sea on the, 107 

soil on, 107 
mean dailv, what is, 106 
varies with altitude, 105 
latitude, 105 
variation, examples of^ 105 
why all places have not the 
same, 107 
Temples, how cooled by ether, cologne, 

water, &c., 197 
Tenon, what is a, 48 
Terra-cotta, what is, 89 
Thaw, mo'o chilly than a ft'ost, 183 
Thermometer, centigrade, 191 

Fahrenheit's, 190 
Reaumer's, 191 
indicates difference of heat 
only, 192 

Thermometers and pyrometers, difference 
of, 188 
construction of, 189 
different, 190 
how graduated, 189 
Thunder, cause of; 286 



Thunder, rolling of, canse of; 987 

storm, places dangerous in, 289^ 

safest in, 988 
what is n, 280 
varieties of, 237 
what is, 286 

why heard after the lightning 
is seen, 287 
Tides, canse of, 59 

when high and low, 59, 60 
Toes, advantage of turning out the, iu 

walking, 17 
Tornadoes, 82 

phenomena generally attend* 
in^, 89 

Transparent bodies, what are, 960 
Tree, centre of gravity in, 19 

how discharges a lightning cloud, 
282 

Trees and flowers, how purify the air, 210 
why covered with straw in winter, 
184 

Tropics, rainy and dry seasons of; 109 
Troy weight, origin of, 20 
Trumpet, ear, construction of; 127 

speaking, construction of; 127 
Twilight, cause o{^259 



Vacuum, illustration of, 918 

what is a, 71 
Valves, pump, 98, 99 
Vapor from damp linen, what is it, 19T 
in a room, origin of, 88 
of the air, how condensed into rain. 
91 
Vaporization, meaning of, 194 
Vegetables, why swell in boiling water, 

809 
Vegetation, why luxurious on the margin 

ofa river, 66 
Ventilation, in what situations Is it perfect 
205 
what is, 204 
Vibration, what is a, 116 
Vibrations, sonorous, how illustrated, 116 
Vinegar, what is, 805 
Vitriol, oil of, 304 
Voice, organs of 129 

tones of, how altered, 129 
Volatile substances, 195 
Volcanoes, probable cause of; 136 
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Wall, a, when stands securely, 17 
Walls, partition, construction of, to intA 

cept sound, 119 
Warming and ventilation, 204 
Water, a bad conductor of heat, 146 

at what elevation above the earth 

remains frozen, 106 
air in. 
boiled, why flat and insipid, 78 
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Water, oomposition of, 54 

declivity sufficient to give running 

motion to, SO 
drO|) ol^ wlij rolls upon hot iron, 

194 
expands when freezing, 181 
force of expansion in freezing, 179 
hard, what i^, 54 

aitiicult to wash in, 56 
flow extinguishes a fire, 229 
how heated, 153 
hot, why breaks glass, or earthen 

Yessels, 185 
in fk-eezing, cracks earthen ves- 
sels, 180 
images in, appear inverted, 246 
power, 88, 84 
pressure of, 58 

how exerted, 58 
quantity of mineral matter con- 
tained in, 55 
running, why slow to freeze, 182 
scalds at what temperature,, 176 
surface of. always level, 49 
swells in boilinK, 156 
temperature of boiling, 185 
what is the purest natural, 55 
when alfects lead pipos, 810 
why a fluid, 54 

why dissolves sugar and salt, 57 
why freezes first at the surfiice, 

182 
why rises in a pump, 101 
why sparkles, 66 
whv will not dissolve iron, 198 
Waters, relative purity of, 55 
Waterspout, what is a, 88 
Waves, cause of, 60 
spray of, 61 
velocity of storm, 61 
Well, ordinary, why water collects, 67 
Wells, artesian, 52 
Winter, dark dresses most suitable for, 

172 
Weather, action on building materials, 

48 
Weather, animals foretell changes in, 118 

moon's influence on, ill 
Weight, how varies, 19, 20 

proportional to what, 19 
what is, 19 

where a body has the greatest, 
and least, 20 
Weights and measures, English system of, 

21 
heights and measures. French system of, 

21 
Wheel, centre of gravity of, 18 

dished, or arched, stronger than a] 
flAt,4A 



Wheels, carriage, why sometimes take 
fire, 139 
/ore, of carriages, why smaller 

than the hind, 44 
of carriages, utility of greasing, 

140 
water, different kinds, 84 
Whitewash, what is, 38 
Wick of a cafidlc, why not consumed, 

238 
Windpipe, what is the, 122 
Windows, why blaze i^t sunset, 249 

why often covered with mist, 
87 
Wind, cause of, 76 " 

Winds, force of, how measured, 78 

high, difficult to walk against, 9 

always blow, 76 

effects of mountains, on the couido 

of, 76 
land, generally dry, 76 
north, why cold, 79 
south, why warm, 79 
regular, 77 

on the direction of 78 
trade, 77 
velocity of, 77 
Wine, why sours on exposure to air, 805 
Wood, constituents of, 224 

green, unprofitable to burn, 227 
hard and soft, 227 
how preserved from de<»y, 811 
kinds most profitable for fuel, 227 
kinds of^ which impart the ivust 

heat in burning, 227 
weight of a cord ol^ 227 
why docs not melt, 194 
why generally cut in the winter, 

why snaps when burning, 7 
Wooden handles, why applied to cooking 

vessels, 145 
Woollen kettle-holders, utility of, 145 
Woollens, utility of as protectors against 

cold, 147 



Yeast, what is, 805 

Yellow, the color most visible, 273 



Zenith, what is the, 269 

Zero point of thermometer, how 4eter 

mined, 190 
Zodiacal Ught, 97 
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By E. hunt. 

A new work, just published, based upon an original and practical plan. It 
comprises representative selections from the best authors, also list of contem- 
poraneous writers and their principal woiks. 



iiison, Blakeman, Taylor & Co.^s Publications, 



WOODBURY'S G 

Founded on similar principles with 

WooeUtury's New Method with the 

German. 
Woodbury's Key to Above. 
Woodbury^* Shorter Course with the 

German, 
Woodbury^* Key to the Shorter Course. 
Woodbury s Method for Germans to 

learn English. 
Woodbury'' $ Elementaiy German 

Reader. 



ERMAN COURSE. 

Fasquelle's system. 

Woodbury s Eclectic German Reader. 
Woodbury's German English Reader. 
GiaubenskUg's German Reader. 
GlaubtnskUe's Synthetic German 
Grammar. 



Sanders' German and English Primer. 
Mess b* Sanders' Phonetic Speller. 
Mess b* Sanders' German Speller and 
Reader. 
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PROGRESSIVE SPANISH READERS. 

By Prof. L. F. MANTILLA. 

Libro de Lectura. No. i. Libro de Lectura, No. s. « 

Libro de Lectura. No. 3. 

These Readers are prepared for Schools in the West India Islands, Mexico, 
and Spanish South American States. 

GREEK, 

KKuhner's Elementary Greek Grammar. 
Questions on Kuhner's Elementary Greek Grammar. 
Kendrick's Greek Introduction. 
Spencer's Greek Praxis. A new primary book. . 



By Geo. B, Loomis. 

A simple and^raded course of instruction in Vocal Music for Common 
Schools, adapted.ro primary classes. In Four Books. 
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Swinton's Condensed U. S. History ; constructed for definite results in recita- 
tion, and containing a new method of topical reviews. Fully illustrated. 

Swinton's Word- Analysis ; a graded class book of English derivative words 
with practical exercises in Spelling, Analyzing, Defining, Synonsrms, and 
the use of Words. 

The Spencerian Drawing Books ; an elementary and progressive Series in Six 
books. Two books ready. 

Eliot and Stoker's Abridgment ; and abridgment of The Inorganic Chem- 
istry. \ 

Cathcart's Primary Speaker; suited to the requirements of Common 
Schools. 



TOWNS&ND^S COMMEROAL LaW. 
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THE ILLUSTRATED CATALOGUE, descriptive of The Ambr- 
ICAK Educational Series of School and College Text-Books, and The Edu- 
cational Reporter, a handsome publication full of useful information, mailed 
free to teachers. 

lyiSOH, BLAKEMAN. TAYLOR & CO., 

PUBLISHERS, 

138 A 140 GRAND STREET, NEW YORK. 




